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The Gunung Limbung base metal mineralization is one* of several 
such deposits located in western Java, Indonesia. The geology of 
the Gunung Limbung area comprises a sequence of argillite, 
tuf faceous sandstone and volcanic breccia and lava which has been 
intruded by diorite which was derived from an andesitic 
calc-alkaline parent magma which formed in an island arc volcanic 
zone.
Mineragraphic studies show that the ores at Gunung Limbung, 
can be divided into four types - massive ore, quartz vein ore, 
brecciated ore and disseminated ore. The mineralogy of the the 
four types is a simple assemblage comprising dominantly sphalerite, 
galena, chalcopyrite, and pyrite with minor gold. The ores have 
textures which are typical of those filling open spaces with 
crustification and banding cannon.
Petrographic and geochemical studies indicate that the host 
rocks are porphyritic diorites which have been considerably altered 
during or after the mineralizing phase. Phenocrysts of 
plagioclase, orthoclase, clinopyroxene and hornblende occur in a 
matrix of quartz, feldspars, epidote, sericite and chlorite (the 
latter three formed as a result of the alteration). The host rocks 
are characterized by veins and microveinlets of quartz and less 
canmonly quartz and pyrite. Geochemical studies indicate the the 
host rocks, compared to unaltered calc-alkaline island arc 
andesites, are enriched in quartz, potassium, barium and rubidium 
but deficient in sodium and calcium.
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Both the petrography and geochemistry of the host rocks 
indicate significant argillic and propylitic alteration with 
sericitization, silicification and chloritization the daninant 
alteration processes. The mineragraphy and alteration Indicate 
that the Gunung Limbung ore bodies were formed by hydrothermal 
activity at reasonably shallow depths and relatively lew
temperatures. Five stages of mineralization can be recognised:
i. early precipitation of pyrite and quartz;
ii. precipitation of the ore minerals sphalerite, galena and 
chalcopyrite;
iii. rembbilization of the ore minerals;
iv. recrystallization of pyrite and sphalerite ; and,
v. oxidation and supergene enrichment.
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The area studied is located at Gunung Limbung, 3 knr southwest 
of the sulphide mineralization at Gunung Gede, West Java, Indonesia 
(Figure 1-1). A  number of base metal occurrences in this region, 
including Gunung Paniis, Cikiam and Gunung Aro, have been known by 
local people for many years and early attempts to exploit these 
deposits was carried out by the Indigenous people. Information about 
this early history of the mineralization has not been published. 
Exploration was initiated by the Geological Survey of Indonesia and 
the Aneka Tambang Company in 1969 to gain data to determine if the 
mineralization in the area was suitable for exploitation. This 
programme encompassed reconnaissance mapping and preliminary evalu­
ation of the deposits.
The results of these preliminary exploration programmes of the 
sulphide mineralization indicated that the base metal-bearing vein 
deposits in this region are typical of epithermal deposits found in 
areas associated with Tertiary tectonic activity elsewhere in 
Indonesia (Reksalegora, 1972; Djumhani, 1976). The sulphide ore 
bodies were described as having a close relationship with the 
intrusive "diorite-andesite stocks", and in many cases were 
developed along shear zones, fault zones and other structurally 
favourable loci.
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Figure 1-1. Geological -sketch map showing the location of the 
Gunung Limbung-Gunung Karang diorite bodies. Also 
shown are the location of Gunung Gede, Gunung Aro, 
Cikian and Gunung Paniis sulphide mineralizations 
(PS.ML, 1978 ; Jusuf Laleno, 1984).
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The Gunung Limbung sulphide ores consists mainly of sphalerite, 
pyrite, galena, chalcopyrite and traces of arsenopyrite, pyrrhotite, 
chalcocite, covellite, bomite and magnetite with accessory quartz 
and clay minerals (Noegroho, 1980). The sulphides are associated 
with variable, but generally minor, amounts of gold and silver. The 
mineralization is confined to a series of quartz veins, brecciated 
zones and disseminated ore zones.
Following the 1969 survey the deposits were declared to be 
economically significant base metal deposits and intensive invest­
igation by the Aneka Tambang company and the Geological Survey of 
Indonesia/Project Survey Mineral Logam (PSML) during the period of 
1975-1984, resulted in an exploratory program of 35 drill holes 
(totalling 7,512 m) at Gunung Lunbung and 44 drill holes (totalling 
7,646 m) at Pasir Patapaan (Table 1.1). In addition 7 exploratory 
tunnels were cut through potentially economic sections of the 
deposits (Figures 1-2 and 1-3) . Four of the tunnels were constructed 
at Pasir Patapaan (at altitudes of 400 m, 430 m, 460 m and 490 m) 
and the remaining tunnels were constructed at Gunung Limbung (at 
altitudes of 490 m, 520 m and 580 m) . This work established proven 
reserves in excess of 3.5 million tonnes of mineable ore at an 
average grade of 0.37% Cu, 2.39% Pb, 4.6% Zn, with an estimated 1 
g/tonne Au and 66 g/tonne Ag (Aneka Tambang Company, 1984). Drilling 
throughout the remaining areas, including Pasir Ipis, Cilangambang, 
Cikole, Ciputat, Cisuweng and Cigupitan, amounted to approximately 
51 drill holes, totalling 8,344 m. Sulphide mineralization was 
detected in all drill holes and probable ore zones were delineated.
Table 1-1
billing and tunneling in sulphide deposits, 
Gunung Limbung Area.









Pasir Patapaan — 8 401 L. 520
36 7,246 L. 490
. * L. 460
o00•
L. 400
Pasir Ipis 14 1,724 - - L. 490
Cilangambang 12 2,284 - - -
C i k o 1 e 8 1,261 - - -
Gunung Limhung 35 7,513 - - L. 580
Ciputat 13 2,431 - - -
Cisuweng 1 179 - - -
Cigupitan 3 466 - - i
T o t a l 122 23,104 8 401 7
5
Figure 1-2. Sampled exploration drill hole and tunnel 
localities near Gunung Limbung (base map by 
Aneka Tambang, 1980).
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Figure 1-3. Geological cross-section A-B, c-D (see 
Fig. 1-2) through Gunung Limbung diorite 
host rock.
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Previous studies of metallogenic provinces in Indonesia were 
carried out by Westerveld (1952). His findings were based on ob­
servations that the most striking geological features of the Indo­
nesian Archipelago are conspicuous folds. The major phases of 
folding, with their associated magmatic activity, were believed to 
have an intimate genetic relationship to the formation of iretallic 
mineral deposits. In his tectonic map of Indonesia, Westerveld 
outlined four orogens which were related to the specific formation 
of mineral deposits (Figures 1-4). Mineral deposits associated with 
each orogen are presented in Table 1-2. The metallogenic provinces 
outlined by Westerveld were revised by Katili (1975) two decades 
later after the discovery of different styles of mineralization to 
those previously kncwn in the orogenic zones. Katili suggested that 
sore plutonic rocks with associated specific mineralization, were 
not related to a specific orogen but may be related to different 
geological environments within the orogenic system, temporal changes 
of location and differing directions and inclinations of the Benioff 
Zone. Djumhani (1976) postulated that the base metal and native 
element mineralization was possibly developed in the "diorite- 
andesite intrusive rocks" of Middle Tertiary to Early Quaternary age 
in the Sunda Orogen.
In other areas of West Java, within part of the Sunda orogenic 
belt, several mineral deposits have also been reported. Reksalegora 
and Djumhani (1973) outlined three ore-bearing districts - those 
occurring in the Miocene Old Andesite Formation of the Bayah dis­
trict, (Cikotok gold mineralization), those at the boundary between 
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Orogen Age Mineral deposits
Malayan Orogen Late Jurassic Cassiterite, gold 
and bauxite.
Sumatra Orogen Cretaceous Pyro-netasonatic iron, gold-silver-base metals , 
iron laterite, diamond, 
gold placer.
Sunda Orogen Middle Miocene Epithermal gold-silver, 
manganese.
Moluccas Orogen Late Cretace - 
ous to Middle 
Miocene
Silicate nickel, late- 
ritic-iron.
9
Gunung Limbung, Gunung Gede), and those occurring in the younger 
volcanic zone (Sanggabuana, Gunung Parang). All contain base netals 
(Cu, Pb, Zn), but have different gold-silver ratios. For example in 
the Gunung Limbung deposits zinc, lead and copper are the major 
metals with gold and silver present in trace amounts. However, in 
Cikotok mine for example, gold and silver are the dominant mstals.
The diorite intrusions (senetines referred to as "andesite" 
intrusions in Indonesian literature) in western Java are stock-like, 
dyke-like or sill-like bodies which have been totally or partially 
altered. Typical examples are the intrusions that occur at Gunung 
Paniis, Gunung Limbung, Gunung Karang and Gunung Aro (PSML, 1978). 
Preliminary exploration of the base metal mineralization at the 
boundary between the older andesite and the younger volcanic zone 
covering areas such as Gunung Paniis, Gunung Limbung, Gunung Karang 
and Gunung Aro has been carried out by the Aneka Tambang Company and 
its associate companies using geochemical studies of soil and stream 
sediments. Geochemical analyses from the southern part of Gunung 
Paniis provided anomalous values fop Cu (120 ppm), Pb (340 ppm) and 
Zn (520 ppm) (Ong, 1975). At Gunung Aro, several preliminary drill 
holes tested prospective areas and indicated base metal mineral­
ization. Rock analyses gave the following values: Pb - 0.1%-1.0% and 
Zn - 0.1%-2.0% (PSML, 1978). Exploration was discontinued because of 
the low grade of the mineralization. More detailed exploration was 
carried out at Gunung Gede. Development drilling established 
probable reserves of about 1.9 x 10 tonnes of ore with average 
grades of 2.88% Zn, 0.06% Cu and 0.57% Pb (PSML, 1978). The Gunung 
Limbung prospect was believed to have the best economic potential by
10
the Aneka Tambang Company. Vigorous detailed field exploration, 
involving geological mapping, geophysical surveys, diamond drilling 
and tunneling, was than continued as part of a feasibility study of 
the deposits. The investigation included mining techniques and 
beneficiation processes for the sulphide ore. These were carried out 
during the last four years (1980-1984) of the project.
1.2 Aims of The Study
Despite the previous work carried out in the study area re­
lating to such deposits as Gunung Paniis, Gunung Gede and Cikiam, 
much study is required before economic scales of mining can be 
undertaken. This is particularly the case with Gunung Limbung which 
is a relatively new discovery of economic significance. Little is 
known about this deposit. Consequently this study was initiated to 
gain valuable petrographic and geochemical data. Thus these studies, 
combined with the limited existing data will provide a new data base 
that could assist in predicting the location of additional sulphide 
mineralization together with a new understanding of the origin of 
the deposit. In addition detailed data of the mineralogical, tex­
tural and chemical features of the sulphide ores are useful in 
beneficiation studies, particularly mineral separation, that are a 
preliminary to exploitation of the ores.
The general aim of this study is to investigate the dist­
ribution and origin of the sulphide ores within the host rocks of 
the Gunung Limbung area. The study methods encompass transmitted and 
reflected light microscopy, elemental analysis of the host rock as 
well as the sulphide ores (major, minor and trace elements), limited 
electron microprobe analyses of selected sulphide minerals and X-ray 
diffraction studies of the host rock.
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The specific aims of the study are:
i. to determine the mineralogy of the ores and host rocks and 
ascertain the textural and paragenetic relationships;
ii. to petrographically determine the types of alteration in the 
host rocks and to see if the alteration is characterized by 
a geochemical signature.
iii. to establish genetic relationships within and among the ores 
and between source/host rocks in order to propose a model 
for the origin of the deposit; and
iv. to evaluate the potential of the model in predicting new 
deposits in Java and elsewhere in Indonesia.
1.3 Location and Accessibility
The area studied lies in the northeastern region of the Bayah 
Mountains in West Java. It is near the small village of Cileuksa 
which is south of the Jasinga subdistrict. The prospect is situated 
approximately 63 kilaretres west of the district tcwn of Bogor (Lat. 
6° 33’ 20" to 6° 35', Long. 106° 26' 30" to 106° 28' 30", Vfest Java 
topographic map, page 1109-3).
The total inferred outcrop of mineralization in the Gunung 
Limbung region is about 16 square kilometres. However if several 
mineralized areas nearby are included, the total would amount to 
approximately 36 square kilometres.
Access to the area is directly westward from Bogor along the 
provincial road to Rangkas Bitung (see Figure 1-1).
1.4 Geography
The Gunung Limbung mineralized area is one of several blocks 
in the western central part of West Java and lies southwest of a 
belt of hilly to mountainous terrane which is, physiographically,
12
the western extension of the Bogor Zone as defined by van Bemmelen 
(1949/ Figure 1-5). The hilly landforms of the Bogor Zone developed 
on a Miocene sequence (limestones, marls, clay shales, basal 
andesitic conglomerates, sandstone, andesite, claystone with 
interbedded brown coal, tuffaceous sandstone and pumiceous tuff), 
overlain by Pliocene and Pleistocene sequences (pumiceous tuff, 
tuffaceous glauconitic marl, clay, sandstone, andesitic breccia, 
limestone lenses and basal conglomerate (van Bemmelen, 1949). The 
hills occurring in this complex such as Gunung Gede (1002 m  relief), 
Gunung Paniis (625 m relief), Gunung Aro (608 m relief), Gunung 
Limbung (773 m relief) and Gunung Karang (768 m relief) have conical 
profiles which reflect the hard rock composition of the hills. The 
area and adjacent areas are characterized by deeply dissected 
valleys in the upper most part- of the tributaries. Slopes of 40° to 
50° are common.
The drainage patterns are radial with a catchment area 
developed around each central conical peak. However, away from the 
hills the drainage pattern is a dendritic or trellis pattern. 
Weathering is intense and deep, and outcrop of the mineralization 
and country rocks is limited to creeks, rivers or the crests of 
ridges. The accelerated weathering is promoted by a mean temp­
erature range of 27 to 31° C, high relative humidity throughout the 
year and an average annual rainfall of approximately 4300 mm.
The mineralization and country rocks were originally covered 
by tropical rainforests, but recently these have gradually been 
deforested by the indigenous people who have cultivated the land for 
use both as dry field and irrigated rice paddies.
13
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Figure 1-5. Physiographic sketch of West Java, showing 
location of the Gunung Limbung prospect area 
within the Bogor Zone (van Bemmelen, 1949).
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1.5 Benificiation
Investigations into upgrading the sulphide ore of the Gunung 
Limbung area ccinmenced at the Mineral Technology Development Centre 
(MTDC) Bandung, Indonesia and the Government Industrial Research 
Institute at Tohoku (GIRIT), Japan between 1981-1984. At the present 
time the most satisfactory method for beneficiating the sulphide 
minerals is by a selective flotation process. However, it was found 
that the percent recovery of concentrate was lew and with sane 
samples failing to give satisfactory results. This was attributed, 
in part, to the mineralogy of the ore.
Limited mineragraphic studies of the sulphide ores were carried 
out in several laboratories such as the Dawson Laboratory, USA; SALA 
International, Sweden; Lurgy Mineral Laboratory, West Germany; 
AMDEL, Australia; GIRIT, Japan; MTDC and LMN, Indonesia. These 
studies showed that simple, medium to coarse grained (0.5 mm - 4.0 
mm) assemblages of sulphide minerals are composed dominantly of 
sphalerite, pyrite, galena and chalcopyrite. The coarse-grained 
minerals are commonly intergrewths of very fine-grained (0.05 mm - 
0.01 mm) exsolution chalcopyrite and some galena within sphalerite. 
The mineragraphic data indicate that the Gunung Limbung ore may be 
defined as a ' semi-complex' sulphide ore (Ardha et al., 1985).
Differences in grain size and the specific spatial inter­
relationship between minerals, lead to difficulties in separation by 
selective flotation. Intensive grinding of the concentrate is 
required if a significant degree of liberation is to be achieved 
(Kanaruddin, 1984). However despite the perceived grain size prob­
lems, the project metallurgical team at the Mineral Technology 
Development Centre showed that on laboratory and pilot plant scales,
15
at least acceptable grades of bulk concentrates could be made with 
reasonably high recovery rates of the zinc, lead and copper. Any 
additional petrographic and mineragraphic data produced by this 
study will significantly contribute to the beneficiation studies and 





Numerous sources of information on the geology of Java, and/or 
Indonesia in general, are available in the form of reports and maps 
which are the results of many investigations by Dutch workers. A 
compendium of these previous geological investigations was compiled 
by van Bemmelen (1949) in his extensive work 'The Geology of 
Indonesia'. This compendium remained the major reference on the 
regional geology of Indonesia until the 1970's and is still the only 
reference to the geology of parts of Indonesia. The summary of the 
regional geology in this chapter is based largely on the work of van 
Bemmelen.
During the 1970's the tectonic framework of the Indonesia^) 
region has been discussed by workers such as Fitch and Molnar 
(1970), Dickinson (1970), Katili (1973, 1974, 1975), Hamilton (1974, 
1979). The review of the tectonic setting of Indonesia, and western 
Java, are based on these works.
Several published and unpublished reports relating to the local 
geology and mineralization of Gunung Limbung, Gunung Gede and the 
nearby areas, have been written by the Aneka Tambang Company and the 
Geological Survey of Indonesia. These are drawn upon for more de­
tailed aspects of the local geology.
2.2 Regional Geology 
2.2.1 Tectonic Framework
In the area near Gunung Limbung, Neogene strata have been 
intruded by volcanic necks and bosses of homblende-diorite and 
quartz-diorite porphyry. (Historically the diorites have been called
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andesites and this has lead to sane confusion in terminology. 
Problems relating to terminology and local geology suggest that 
detailed mapping is still required.) These features occupy a broad 
part of the north-south trending structure known as the Bogor Zone. 
Regionally, the Bogor Zone is a complicated anticlinorium of strong­
ly folded Neogene strata, slightly convex to the north and extending 
frcm Rangkas Bitung in the west to approximately 300 km east to 
Bumiayu. It lies in the western mainland of Java which is part of 
the volcanic inner arc of the Sunda mountain system.
Tectonic evolution of the Indonesian Archipelago has apparently 
been dominated, from the Late Palaeozoic to Pliocene time, by an 
evolving system of island arcs (Katili, 1975). The tectonic environ­
ment of the Sunda Island Arc reflects this evolutionary pattern of 
the rest of Indonesia. For example, the Sunda Island Arc represents 
a series of linear volcanic-plutonic complexes with associated sedi­
mentary deposits. The maximum age of these in Sumatera is Permian 
(Katili, 1975). The complex youngs (to Pliocene) towards the eastern 
end of the system near the Banda Arc (Bowin et al., 1980). The 
western Sunda Arc has been correlated with part of the Australian 
continent (McElhinny et al., 1974).
The Sunda Island Arc extends from the northern tip of Sumatera 
to approximately 4000 km east to Banda Island (Figure II-l). It is 
convex toward the Indian Ocean and has a regular zonal arrangement 
of structural belts. This island arc represents part of a convergent 
collision zone between the Indian Plate to the South, and the Asian 
or China Plate to the north (Katili, 1973). The movement of the 
Indian Ocean floor northward, beneath Java and Sumatera, has been
Figure 11 — 1 . Regional tectonic framework of the Sunda arc 
(Hami1 ton, 1979).
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estimated by Le Pichon (1968) to have a velocity of 6 cm/year and a 
pole rotation of 23.0° N 5.2° W.
Perpendicular to the trend of the island arc, the region north 
of the arc can be divided into four distinct structural zones. On 
the oceanward side of the arc is a trench which is parallel to the 
second zone, an outer arc basin, a magmatic arc (or volcanic arc) 
and the foreland basin. Each zone characterizes a distinct set of 
morphological, geophysical and geological features. These have been 
described in detail by Dickinson (1970), Katili (1975), Mitchell and 
Reading (1971) and Hamilton (1979). The slab of the Indian Ocean 
floor near Java and Sumatera was thought to be sliding gently 
beneath a melange wedge for a distance of about 200 km, beyond which 
the dip increases. Beneath Java and the Java Sea, the dip of the 
Benioff Zone was estimated to be 65° northward at a depth greater 
than 100 km. It extends for approximately 200 km beneath Sumatera. 
Here the dip, at a depth of 100 km, is approximately 30°-40° (Fitch, 
1972; Hamilton, 1979).
The trench, which forms an arcuate zone, extends frcm the 
northern tip of Sumatera to south of the island of Sumba. It is 
approximately 4.5 km deep off northern Sumatera and up to 7 km deep 
south of Java, Bali and Sumba (Hamilton, 1974). The trench has a 
characteristic asymetrical profile with a steeper wall on the arc 
side than on the oceanward side (Coleman, 1975) and shows a large 
negative isostatic anomaly (van Bemmelen, 1949).
In Sumatera, the crust is relatively thick, at least 25 km 
(Cummings and Schiller, 1971), and was formed by volcanic arcs of 
Permian, Cretaceous and Tertiary age (Katili, 1975). The magmatic 
rocks which formed above the Benioff Zone are mostly silicic or
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intermediate in character. However, the crust beneath Java and Bali 
is younger and is approximately 20 km thick (Ben Avraham and Emery, 
1973). It comprises rocks derived from a volcanic-plutonic arc of 
Tertiary age (Katili, 1973). The magmatic rocks are mostly of inter­
mediate composition.
As in Sumatera, three cycles of volcanism have been recorded. 
However the events are much younger in Java. The oldest rocks in 
Java, which are widely exposed to the south of the present day 
volcanic arc, are of Early Tertiary age and comprise shallow marine 
sediments which were intruded by plutonic rocks. The igneous 
activity in Java, according to van Bennmelen (1949) can be subdivided 
into three cycles of volcanism. The first cycle began at the end of 
the Early Tertiary, and gave rise to the Old Andesite Formation, a 
relatively widespread unit in the southern mountains of Java. 
Activity culminated with a period of uplift and the intrusion of 
Miocene granitic rocks throughout the Old Andesite Formation. The 
second cycle of volcanism developed in the Late Neogene. This cycle 
is marked by the appearance of more alkaline rocks such as those of 
the high K-alkaline suite. In the Bogor Zone area, the Neogene 
intrusive rocks are essexitic in character. This second cycle of 
volcanic activity was located further to the north and northeast of 
the margin of the Old Andesite Formation.
The third cycle of volcanism, of Quaternary age and thought to 
be of similar character to that of the second cycle, was marked by 
intrusions and extrusions which show a tendency to differentiate 
into alkaline rocks. In Sumatera this last cycle of volcanism gave 
rise to the young and active volcanic cones of the Barisan range.
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2.2.2 Regional Stratigraphy
The Ginung Limbung area is located In the western part of the 
Bogor Zone, the regional stratigraphy of which has been described by 
van Bemmelen (1949). Both that study, and the works of Koesumadinata 
(1963), in the northern part of West Java, and Ghazali (1972) in the 
Gunung Gede area, have been adopted for use in this study. The 
stratigraphic sequence is summarised in Table II-1 and the geo­
logical relationships are presented in Figure II-2.
In general, the Bogor Zone developed as a sedimentary- 
pyroclastic sequence of Miocene age which was overlain by Pliocene 
and Quaternary units in seme parts (van Bemmelen, 1949). The ratio 
of sedimentary rocks to pyroclastic rocks varies frem sediment 
dominated to, for example, in the western part of the Bogor Zone, a 
situation where the complete stratigraphic column, iron the Late 
Miocene to the Pleistocene, is characterised by pumiceous tuff.
Stratigraphically, the oldest rocks in the western part of the 
Bogor Zone are the Early to Middle Miocene Badui Beds. This unit 
comprises basal conglomerate and sandstone passing upwards into 
limestone, mudstone and marl and at the southern boundary of the 
zone, it is approximately 550 m thick (Effendi, 1974). This unit is 
unconformably overlain by the Middle Miocene Bodjongmanik Beds which 
consist generally of marl, and claystone with brown coal, tuffaceous 
sandstone, andesitic conglomerate and pumiceous tuff. Hornblende 
diorite necks and bosses intruded the sequence during the Late 
Miocene and these were followed by deposition of the Genteng Beds in 
the Early Pliocene. The latter beds comprise pumiceous tuff, 
pisolitic pumiceous tuff with plants remains and silicified wood. 
This sequence is approximately 750 m thick and unconformably over­
lies the older rocks. The Middle Pliocene Tjipacar Beds consist of
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Figure I1-2. Geological map of the northern part of West Java.(Koesoemadinata, 1963; Geological 
Survey of Indonesia, 1977)
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pumiceous tuff, andesitic breccia, sandstone, claystone and 
tuffaceous glauconitic marl, up to 400 m in total thickness. This 
sequence is conformably overlain by the Tjilegong Beds (Late 
Pliocene age) which comprise pumice (rich in biotite and pumiceous 
tuff (rich in hornblende). The thickness of each sequence was 
estimated to be 50 m, 40 m, and 60 m respectively. The Early 
Pleistocene Bodjong Beds which include basal conglomerate, pumiceous 
tuff, sandy marl with limestone lenses, tuffaceous sandstone and 
glauconitic marl unconformably overlies the Tjilegong Beds. 
Kbesumadinata (1963) estimated that the Bodjong Formation and 
Cikeusik Formation were of Middle to Late Pliocene age.
Volcanic rocks of Holocene and Late Pleistocene age complete 
the stratigraphic column in the western part of the Bogor Zone. This 
younger group occurs mainly in the western and northern regions and 
unconformably overlies the older groups. Several fossils were 
recognised by previous workers in some sequences and the age of the 
units was estimated using these.
The local stratigraphy of Gunung Limbung is typical of that of 
the Gunung Gede area which was detailed by Ghazali (1972). The 
succession is of Early-Middle Miocene to Quaternary age. The oldest 
unit is a claystone shale unit with a thickness of about 600 m. A 
Middle Miocene sandstone unit of intercalated claystone, marl, 
limestone and a layer of lignite, lies immediately above this 
sequence. Unconformably upon this sequence is a tuffaceous sandstone 
of Pliocene age. A number of andesitic breccia units unconformably 
overlie the tuffaceous sandstone and these are in turn overlain by 
recent alluvium. The intrusions and extrusions of diorite, quartz- 
diorite, hornblende-andesite and dacite in this region are of Late
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Miocene age. Many of andesites are porphyritic and grey to dark grey 
in colour and in sane instances they contain variable amounts of 
sulphides.
In general, the dominant feature of the stratigraphic sequence 
throughout the region is one of uniformity with the younger 
sequence, most of which is a product of the Kwarter volcano, uncon­
formably lying above the older sequence.
2.2.3 Regional Structure
The Tertiary sediments in the Bogor Zone were folded as part of 
the regional north-south tectonic movement in Java (Rutten, 1929; 
van Bemmelen, 1949). The variable fault orientations which occur in 
the Bogor Zone were suggested as having formed as a direct result of 
different stress regimes.
Locally in West Java, the strongly folded Neogene strata of the 
Bogor Zone experienced two periods of tectonic activity in the 
Middle Miocene and the Pliocene-Pleistocene (van Bemmelen, 1949 ; 
Kbesumadinata, 1963). Along the southern margin of the Bogor Zone a 
very strong Late to Middle Miocene folding episode produced north 
trending upthrusts. Thereafter, in the Late Miocene this anti­
clinorium was intruded by intrusions of diorite and granodioritic 
composition. Modes of emplacements include:
i. groups of bosses and necks at the boundary between the 
central and eastern zones; and,
ii. bosses at the boundary between the western and central part 
of the Bogor Zone (Jasinga area/Gunung Limbung, Gunung 
Gede-Bogor).
The Pliocene-Pleistocene folding is most pronounced in the 
northern part of the Bogor Zone which was thrust northward. It was
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suggested that the renewed movement along the upthrusts was effected 
by the breaking up of the geanticline in the northern part of the 
Bandung Zone. The representation of a strongly folded anticlinorium 
of Neogene age in the western Bogor Zone was mainly due to Pliocene 
Pleistocene volcanic activity. North-south transverse strike-slip 
faults (see Figure II-2) commonly displace the folds axes in seme 
places (Koesumadinata, 1963)
LANDSAT satellite photographs of West Java indicate a set of 
lineations with trends of N 10°-2° W, N20°-35° W and 40°-55° E 
(Suwiyanto, 1978). There has been seme debate as to whether these 
are fault traces. The general pattern of the lineations shews a 
similarity to the general orientation of indicated and inferred 
faults in this region. This can be demonstrated locally in the 
Gunung Limbung area (Jusuf Laleno, 1984), where two of the line­
ations observed from the photographs, have identical orientations to 
the faults along the Cimangeunteung River and across the Gunung 
Limbung-Gunung Karang area.
2.3 Geology of Gunung Limbung
The geology of the Gunung Limbung area is shewn in Figure II-3. 
Rocks types which have been recognised in this area are:
1. volcanic breccia and lava;
2. diorite and granodiorite;
3. tuffaceous sandstone; and
4. argillite.
The rocks can be differentiated clearly in the field using 
colour, grain size, mineralogy and texture. However the lithological 
boundaries are not well-defined In seme parts because of the lack of 
outcrop. The detailed local stratigraphic sequence of the Gunung
5 0 0  m -V  ^  V V>>5
. V  V V  V
1 5 0 m
C
5 0 0  m -v' v '
< < < 1 
< i ¡p<
150 m
f  +  i’.t;: + N
<4 4- */ +  •>; 4- -
4- 4 -jf 4- +:1 it 4-
+ 4- 4- / 4-
~ - f  +  + 4- 4 - 4 - 4 -
rr^ s -A jb  a . la v a  
a  lv v < a J  b_ vo lcanic
] _ — J  a r g i l l i t e
q u a r t  z vein  
f t  f a u l t
a n t  Ic t i n e
-  V ?S0m
V ---- 0 m
Q u a t e r n a r y . X53’ s t r i k e  a n d  d i p
L o l e  M i o c e n e
e l e v a t i o n
l o t e  M i d d l e  M i o c e n e  
ear l y  M i d d l e  Mi o c e n e
r i v e r
Figure II-3. The geology of Gunung Limbung area 
(Jusuf Laleno, 1984).
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Limbung area is summarized in Table II-2 and a description of the 
rocks is presented in Table II-3.
The sulphide mineralization is hosted by relatively small 
intrusions of granodioritic-dioritic composition of Late Miocene age 
which are located near Gunung Limbung. Quartz veins containing the 
sulphides are commonly associated with these Intrusions. Texturally 
the intrusive rocks are porphyritic and approximately 30 to 70 
percent of the total rock has been altered. The diorite-granodiorite 
bodies in this area are unconformably overlain by an unit consisting 
of lavas and breccias. To the northeast and northwest of the pros­
pect area, are the Early to Middle Miocene Badui Beds which consist 
mainly of dark grey-massive argillite, with limestone lenses and 
fine to coarse-grained sandstone. This sequence strikes northwest- 
southwest and dips moderately (27°-44°) northeast. At seme 
localities this sequence is intruded by sills of diorite or grano- 
diorite composition, and the resultant stratigraphy is one of 
intercalated sediments and igneous rocks.
The argillaceous sequence unconformably overlies the Late to 
Middle Miocene Bodjongmanik Beds (to the northeast) which comprise 
tuffaceous sandstone, laminated tuff, glassy tuff and claystone with 
lignite seams. The uppermost unit which crops out to the south and 
east of the area consists mainly of volcanic breccia, lava flows and 
tuff of Quaternary age. Commonly this sequence is intercalated with 
tuff and volcanic breccia. To the northeast, just outside the study 
area, this sequence unconformably overlies pumiceous tuff containing 
silicified wood of Pliocene age (Ghazali, 1972). Jusuf Laleno (1984) 
showed that the age of volcanic breccia and lava in Gunung Limbung 
area was younger than Early Pliocene.
Table II-2
Stratigraphy units in Gunung Limbung area 
(Jusuf Laleno, 1984).
Age Rock Units Thickness (m) Fossil Intrusion
Quaternary Volcanic bree 
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2.3.1 Structure of Hie Study Area
The structural features in the prospect areas of Gunung Gede, 
Gunung Aro, Cikiam and Gunung Paniis (see Figure I-1) have been 
interpreted, using aerial photography, by the Geological Survey of 
Indonesia/Metallic Mineral Survey Project. The dominant structures 
in the Gunung Limbung and Gunung Paniis areas are northwest- 
southwest and east^west trending faults. Inferred faults with a 
north-south trend were also delineated in the Gunung Gede, Cikiam 
and Gunung Aro areas. During a recent structural investigation of 
the study area, Jusuf Laleno (1984) shewed the faults to be normal 
faults with general northwest-southeast and northeast-southwest 
strike directions (Figure II-3). Other structural features are 
strike-slip faults and folds (Figure II-4).
It is recorded that there are four fault zones situated around 
the diorite intrusive area (Figure II-3). These faults are:
i) Cimangeunteung Fault with an approximate northwest-southeast 
direction and dipping 55° north east;
ii) Cigupitan Fault also with a northeast-southwest direction and 
dipping northwest (approximately parallel to Cimangeunteung 
Fault) ;
iii) Cimasigit Fault with a northeast-southwest trend and dipping 
68° northeast (this fault cuts the Cimangeunteung Fault in 
the north and Cigupitan Fault in the South); and,
iv) Cijengkol Fault with a northeast-southwest direction and 
dipp ing 60° southeast (this fault is also approximately 
parallel to the Cimasigit Fault and cuts the Cimangeunteung 
Fault in the north).
Figure II-H. Block diagram of Ounung Limburg area, showing some common 




The Cimangeunteung and Cimasigit faults which occur in the 
intrusive area developed as a result of uplift of the area during 
the Late to Middle Miocene (Jusuf Laleno, 1984). The other two 
faults were activated later by a north-south tension. All of the 
faults were accompanied by the extensive development of joints.
This structural pattern is suggested by most as the factor 
which controlled the development of sulphide mineralization in the 
Gunung Limbung diorite intrusive rocks. Zones of mineralized breccia 
along Clmangeunteung River and open fractures which occur between 
the Cimangeunteung and Cigupitan faults are thought to have been 
created by the development of the Cimasigit and Cijengkol faults 
(Jusuf Laleno, 1984) and are interpreted as the evidence for the 
above suggestion. Therefore, in this respect, most of the quartz 
veins or veinlets containing sulphides in the region were thought to 
be associated with a variety of deformational cracks, fissures and 
fractures within the intrusive rocks. If this is correct, it 
indicates that the mobilization of ore bearing fluids within the 
host body was controlled by the secondary structures.
It has been suggested that the regional faults probably 
developed in two phases: pre-mineralization faults and post mineral­
ization faults (Reksalegora, 1972; Noegroho, 1980; Jusuf Laleno, 
1984). These recognizable phases of deformation were believed to be 
related to regional tectonic and local vertical movements.
2.3.2 Reported Mineralization
The sulphide mineralization in the study area was reported to 
be typical of epithermal deposits, with the ore having a close 
relationship with the intrusive diorite stocks and bosses. The
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sulphide ores commonly occur within the host body as cavity fillings 
in quartz veins associated with sheared and brecciated zones. 
Therefore it was suggested that the location of the ore in these 
favourable loci at Ginung Limbung was controlled by secondary 
structures (Reksalegora, 1972).
The reported sulphides principally consist of pyrite, sphalerite, 
galena and chalcopyrite. Accessory minerals include arsenopyrite, 
pyrrhotite, bomite, covellite, chalcocite and magnetite with traces 
of gold and silver. Gangue minerals are predominantly quartz with 
minor clay minerals.
Four major types of sulphide mineralization have been recog­
nized in the Gunung Limbung area (Noegroho, 1980). These are:
i) veins with principally massive ore and containing dominantly 
pyrite, sphalerite, galena and chalcopyrite;
ii) brecciated ore containing diorite-andesite fragments cement­
ed by pyrite, sphalerite, galena and chalcopyrite;
iii) quartz veins which can be subdivided into veins containing 
milky and smoky quartz, quartz veins containing pyrite and 
quartz veins containing pyrite, galena, sphalerite and 
chalcopyrite; and,
iv) chloritized zones composed of veinlets or quartz stringers 
that have undergone chloritization and which also contain 
disseminated sulphide minerals.
Throughout the area, the sulphide-bearing quartz vein ore 
bodies commonly show a fairly regular trend. In the Gunung Limbung 
area the general strike of these veins is 352° with dips ranging 
from 60° to 70° east, whereas in the Pasir Patapaan area the veins 
strike 001° to 002° with dips of 60° to 70° east. At Ginung Limbung
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the veins generally range in thickness from 5 to 30 cm with a few 
veins at the surface (outcrop) up to 2 m. On the basis of their 
location and mineralogy, the veins within diorite rocks may be 
termed, with increasing depth, footwall veins, main veins and 
hanging wall veins. They have a sharp contact with both with the 
unmineralized footwall and hanging wall rocks.
locally in the Pasir Patapaan area, the zone of sulphide 
mineralization is exclusively leached to a depth of 50 m. It is 
suggested that bulk leaching of this zone was achieved by the 
downward percolation of acidic waters through local faults. Data for 
rock samples analysed by Noegroho (1980) show that this area has 
only relatively small amounts of ore with grades of 0.47% Cu, 0.15% 
Pb and 0.15% Zn.
As well as the occurrence of structurally controlled ore 
deposits in Java, there are also stratigraphically controlled ore 
deposits, but the occurrence of these is rare in the Gunung Limbung 
area. Commonly this type of mineralization is found along the 
southern crest of the Gunung Gede area. It appears to have formed by 
contact metascmatic processes between the diorite and argillite 
country rocks. The mineralization is commonly associated with 
garnet-bearing skams. The study of these ore bodies is beyond the 




Samples used in this study were collected during a field trip 
to Indonesia during December 1984 and January 1985. The scope of the 
study did not permit any field mapping and thus it was necessary to 
rely on previous field studies, carried out by the Geological Survey 
of Indonesia and the Aneka Tambang Company, for the accuracy of maps 
and geological data pertaining to the area as a whole, and more 
specifically to the local geology of the mineralized zone.
All sample preparation and analysis of the samples were 
carried out by the author, unless otherwise stated, at the Uni­
versity of Wollongong. The cost of sending samples from Indonesia to 
Australia necessitated the collection of reasonably small samples. 
Notwithstanding, every attempt was made to collect representative 
samples of the mineralized zones and the host rocks around the 
project area (where these were thought to be critical to the study).
Only limited transmitted light and reflected light microscopy 
had previously been carried out on samples frcm the study area. 
Consequently it was decided that these two approaches would be used 
to provide additional data which could be used to interpret the 
genesis of the deposit. In addition it was decided to obtain 
chemical data relating to major, minor and trace elements, to 
augment the data gained by microscopic techniques. The methods 
available for chemical analysis were XRF and ICP. In addition 
permission was obtained to probe two sulphide samples using the 
Cameca microprobe at CSIRO, North Ryde.
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3.1. Sampling
Sample localities within the Gunung Limbung area were located 
using the West Java topographic map, (page 1109-3, Lewidamar; scale 
of 1:100.000). An enlargement of that topographic map, (scale of 
1:2000) combined with the geological map of the area produced by the 
Aneka Tambang company and the Geological Survey of Indonesia was 
used as additional sources of information.
Approximately 120 samples were collected from several 
localities (Ciputat, Cilangambang, Cisuweng, Gunung Limbung I, Pasir 
Ipis and Pasir Patapaan) around the Gunung Limbung area. Most of the 
samples were from four tunnels (L.400, L.460, L.490, L.580, - Figure
III-l) and seventeen drill holes (listed in Appendix 1). Samples 
from tunnels were collected both from the footwall and hanging 
wall host rocks, quartz veins containing sulphides, ore veins and 
brecciated zones. Diamond drill hole core samples were collected 
frcm various depths and most contain sulphides of varying 
percentages. Samples of host rocks (core and samples frcm tunnels) 
were collected frcm different localities, adjacent to, or away frcm, 
veins and ore zones. All host rocks ccmononly have a greyish-green 
to yellcwish-green colour. Fresh host rock samples were very 
difficult to find because the intense alteration to the ore body and 
surrounding country rocks.
It is generally believed that the lack of fresh outcrop is 
related to the fact that the sulphide deposits in Gunung Limbung are 
associated with alteration of the host rocks. If this alteration 
exists it should be able to be detected as mineralogical, textural 
and chemical changes that have resulted frcm the interaction of the 
host rocks and circulating hydrothermal solutions. Although there 
is no surface evidence it is possible that the deposits have haloes
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Figure III-l. Enlargement of the area near Pasir Ipis
showing the exploration tunnels (L.400, 
L.460, L.490, L.580) and sample localities.
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of alteration defined by anomalous abundances of secondary minerals 
and various elements.
The quantity and quality of core samples collected were severe­
ly restricted because of the state of preservation of the cores. 
The trays had been left out in the weather, resulting in seme 
deterioration of the core, and much of the mineralized ore had 
previously been sampled for metallurgical studies. However, it is 
believed that the philosophy behind the sampling programme allowed a 
reasonably representative set of samples to be collected.
The objectives of the collecting programme were: 
i) to collect host rocks which could be examined to determine the 
nature and distribution of the alteration; and,
ii) to collect representative samples of the ore bodies to deter­
mine if there were indeed four types of ores.
All sample and block numbers cited are from the catalogues of 
samples housed at the Department of Geology, The University of 
Wollongong.
3.2. Sample Preparation
The methods used to prepare the polished blocks have been 
outlined by Spary (1982) and Picot and Johan (1982). Eighty one 
samples were embedded in Epofix resin (in the ratio of 8 : 1 resin 
to hardener). Grinding and polishing of the samples were carried out 
using carborundum powders and papers on an Engish MK 2A and a 
Decomet polisher. Forty five thin sections were prepared by the 
methods that have been outlined by Hutchison (1974) and Kerr (1977). 
Representative samples used for chemical analysis were prepared in 
the following manner: each sample was first broken up or cut into 
small chips (<10 mm) by breaking the specimen with a hammer or by
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using a diamond saw. The rock chips were reduced to a small size 
(less than 5 mm) and then ground in a tungsten, Tema mill to produce 
a powder that contained roughly 50 percent -120 mesh material. The 
powdered sample was next placed in a sterile plastic container ready 
for subsequent analysis. Leitch (1981) reported that only minor 
contamination results when grinding is with a tungsten carbide mill.
3.3. X-Ray Diffraction
The technique used for X-ray diffraction analysis has des­
cribed by Hutchison (1974). Analyses were carried out using a 
Philips X-ray generator PW 1050/70, in conjunction with a gonio­
meter, proportional counter and chart recorder. All samples were run 
between 2° and 70° 26, using copper radiation (Cu K«. ;X = 1.5418 A) 
and a graphite crystal monochromator. Other machine setting were 30 
milliamps (ma) and 40 kilovolt (/#<»*✓). Scanning speed was 1° 2# per
minute with a chart speed of 1 cm per minute. The range was set at 
24x10 counts per second and the time constant at 2.
3.4. Chemical Analysis
Selected samples were sent for major, minor and trace element 
analysis by X-ray fluorescence and Inductively Coupled Plasma (ICP). 
The Division of Mineral Physics and Mineralogy, CSIRO, analysed 4 
samples (5117, 5143, 5144, 5140) by X-ray fluorescence and ICP.
SGS-Sydney analysed a further 10 samples (5108, 5113a, 5131, 5139,
5141, R11012, R11028, R11054, R11057, R11070) by x-ray fluorescence. 
Two of the samples (R11019, R11070) were analysed for the can-
position of sulphides using the Cameca electron microprobe analyser.
3.4.1. X-ray Fluorescence Trace Element Analyses
Trace element data (Chapter V) were determined using X-ray 
fluorescence (XRF) techniques on + 2' gram pressed powder samples
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following the method outlined by Norrish and Chappell (1967). 
Analyses were carried out by the SGS-Sydney on duplicate boric 
acid-backed, pressed powder pellets using a Tracor Northern IN. 2000 
Semiautomatic Spectrometer. XRF is a commonly used technique and 
much has been published on the methods and accuracy of this tech­
nique. It will not be discussed in detail here.
Corrections for mass absorption effects were calculated using a 
corrected peak to corrected background method and calibration made 
against synthetic and natural rock standards. The standards were 
re-run after every 15-20 analyses.
Errors for XRF data can be estimated from the data collected, 
during repeated measurements of the standards, using regression 
equations. The average error obtained for both major elements and 
minor elements is usually of the order of 1 to 1.5%. The estimated 
errors for several trace elements, as supplied by SGS-Sydney, are 
given in Table III-l.
Major Element Analyses
Ten samples were analysed by X-ray fluorescence spectrometry 
for Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K and P. Preparation and 
analyses was as for the trace elements. All analysis were carried 
out in duplicate with standard rocks being analysed in each run to 
check the accuracy and reliability of the method. The accuracy and 
precision of results for the elements analysed can be estimated from 
the data for the standards if these have been analysed several 
tines. Commonly, precision of analyses for major element determ­
ination is + 5%.
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Table III-l
The accuracy of the XRF analysis of minor and 
trace elements.
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3.4.2. Inductively Coupled Plasma Emission Spectrometry (ICP)
Several samples were analysed by the CSIRO, Lucas Heights using 
Inductively Coupled Plasma Emission Spectrometry. This method has 
lower detection limits, requires fewer dilutions of the samples and 
has comparable precision to most other analytical techniques 
available. Using this method sensitivities of 1 ppm (in the rock), 
for a large number of elements can be obtained. The samples which 
were analysed by this method for trace elements are listed in 
Chapter V.
Inductively Coupled Plasma Source Emission Spectrometry is an 
emission method that involves the measurement of wavelengths and the 
intensity of visible and ultraviolet light radiation emitted as 
electrons of an atom refill the outer electron orbitals which have 
been emptied by ionization in the intense heat of plasma. The 
measurement of the wavelength of the emitted light permits identi­
fication of atoms, and hence the elements. The measurement of the 
intensity of the light of particular wavelengths gives the abundance 
of the respective elements. ICP methods analyze aqueous solutions. 
To make solutions for analysis 0.1 gram of powder from the sample is 
weighed into centrifuge a tube, with an accuracy of + 0.01 gram and 
the sample is then reacted with acid.
The equipment is calibrated by running four standard solutions, 
containing 29 elements of known concentration. Four solutions are 
necessary since seme elements will not remain in solution with 
others. The calibration is checked periodically by running a stan­
dard of known concentration through the machine and seeing of 
consistent readings to + 0.1% are achieved.
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CHAPTER IV
PETROGRAPHIC AND MINERAGRAPHIC ANALYSES
4.1 Introduction
The mineralogy of sixty three representative samples of the 
igneous host rocks (with point count data for 44) was determined by 
routine petrographic techniques. The host rocks have been altered, 
seme extensively, so that conventional thin section methods can not 
be used to determine the original mineralogy of the igneous host 
rocks. However, thin sections of the altered host rocks were 
examined to establish the type, textures and degree of alteration 
which might be related to the formation of the adjacent sulphides.
Recently, much credence has been placed on the style of alter­
ation produced by reactions of the ore forming fluids which move 
through the available channel-ways within the host rocks, as a means 
of understanding the origin of hydrothermal deposits. Therefore, 
recognition of the mineralogical attributes of the alteration zones 
in the Ginung Limbung area, may lead to a better understanding of 
the origin of the sulphide deposits which may, consequently be 
useful in designing exploration programmes for other deposits of the 
same type. Modal analysis of the altered host rock of the Gunung 
Limbung deposits are presented in Appendix 2.
4.2 Petrography
4.2.1. Petrography of the Host Rocks
The mineralized host rocks at Gunung Limbung appear to have a 
porphyritic texture with distinctive, seme times interlocking pheno- 
crysts set in a fine-grained equigranular matrix. Xenoliths are 
cormon, are dark grey and up to several centimetres in diameter. 
They are angular to subrounded.
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4.2.1.a. Phenocrysts
Phenocryst types recognisable in the host rocks, include 
feldspars, clinopyroxene, hornblende, pyrite and titaniferous 
magnetite. The phenocrysts are usually set in a fine-grained or 
microlitic matrix of microcrystalline quartz and feldspar. In most 
of the samples, this matrix exhibits an interlocking nature which 
Implies that the host rock has an intrusive origin although there is 
evidence that seme of the quartz may be of secondary origin.
The feldspar phenocrysts in the host rocks occur as abundant 
euhedral to anhedral grains of plagioclase and K-feldspar with a 
plagioclase to K-feldspar ratio of at least 10:1. Unaltered feld­
spars were not observed in any sample. Some the feldspar pheno­
crysts have been completely replaced where as others have been 
partially replaced. Although it was possible to identify the 
feldspar phenocrysts in most samples, even those strongly altered, 
by the shape of the zones of alteration and the type of alteration 
it was not always possible to distinguish plagioclase from
K-feldspar except in the samples which were only partially altered. 
Consequently in the point count data, the percentage of feldspar 
Includes both types.
Feldspar comprises up to. 53 volume percent (%) of the host 
rock, but generally it is less than 45% with a range of 24 to 53%. 
It commonly occurs as phenocrysts 0.5 - 3 mm in diameter, and as
fine-grained crystals in the groundmass. Seme phenocrysts are 
corroded and embayed. Albite twinning is also common in seme of the 
phenocrysts.
The plagioclase phenocrysts have compositions, in those samples 
where the phenocrysts were fresh enough to determine composition,
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ranging from An^g to A n ^  (oligoclase to labradorite; 25 measure­
ments, from 6 samples) but mostly within the range of An^^ to An^g 
(andesine). A few of the plagioclase phenocrysts shew normal zoning
with calcic cores grading to more sodic rims (Plate 1-A) and a few 
grains have albite rims. Alteration products of the plagioclase 
phenocrysts are generally sericite which is very fine-grained. The 
distribution of the sericite in the phenocrysts appears to be quite 
randan with maximum alteration occurring in the calcic cores in seme 
phenocrysts and within the less calcic rim in other samples. In 
samples which had been strongly altered, the sericitic alteration 
occurs throughout the phenocrysts and is so dense that it is not 
possible to determine the nature of the parent feldspar.
Other alteration products of the feldspar include epidote, 
sericite and clay minerals (Plate 1-B). The latter were not identi­
fied in thin section (Section 4.3) but were inferred on the basis of 
very fine-grained patches, in the phenocrysts, which had a textures 
vastly different to the fine-grained textures of the sericite. 
Whereas the sericite was distinctly lamellar, although occurring in 
aggregates, the ?clay minerals was distinctly granular. XRD traces 
did show kaolinite for seme of the host rocks (Section 4.3).
Primary plagioclase also contains small euhedral, secondary 
apatite. In sample 5124 iron drill hole GLB 25, calcite occurs in 
microveinlets in a few of the phenocrysts.
In the least-altered samples, the K-feldspar phenocrysts 
comprise orthoclase which although present is not as abundant as 
plagioclase. Carlsbad twinning occurs in a small proportion of the 
orthoclase grains. Most of the orthoclase occurs in the groundmass.
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It is generally subhedral to anhedral whereas the plagioclase is 
usually euhedral to subhedral.
Alteration products of orthoclase include sericite and many of 
the grains, even in the least altered rocks, have a cloudy 
appearance because of the incipient sericitic alteration.
Other phenocrysts include hornblende, clinopyroxene, pyrite and 
magnetite. The hornblende and pyroxenes are generally less easy to 
recognise than the feldspar. Grains recognisable as the latter 
minerals were only recognised in two samples, which appeared to be 
the least altered of the samples examined and even in these samples.
The main criteria for
recognising hornblende and clinopyroxene in most samples were the 
characteristic basal section outlines of the respective minerals, 
fragments of the primary minerals within the "phenocryst outline" 
and the alteration products. Both minerals altered to epidote, 
chlorite (Plate IE), pyrite, and carbonate. In addition, clino­
pyroxene, alters to small flakes of green hornblende, possibly best 
referred to as uralite (Deer, Howie and Zussman, 1970). Both 
hornblende and clinopyroxene have corroded borders and are rimmed by 
secondary magnetite. Hornblende is more abundant than clinopyroxene 
ranging frcm less than 1% to slightly more than 3% (mean of 0.6% 44 
sanples) whereas the latter usually comprises less than 0.5% of most 
samples and only rarely exceeding 2%.
4.2.1.b Matrix Minerals
The matrix is composed of abundant quartz (usually dominant), 
plagioclase, orthoclase, chlorite, epidote. Accessory minerals 
include apatite and opaque minerals.
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Quartz mainly occurs as very fine to cryptocrystalline crystals 
and only rarely as phenocrysts in almost all samples examined. One 
of the striking features of the host rocks is the abundance of 
feldspar, clinopyroxene and hornblende phenocrysts and the apparent 
lack of quartz phenocrysts. Quartz phenocrysts comprise less than 
0.5% and almost always less than 1%.
Seme of matrix quartz crystals are angular with a bipyramidal 
form and have corroded or embayed edges which possibly indicates 
that sore of the quartz may have formed during the early stages of 
crystallization. Although, as will be discussed in Section 4.3, 
much of the quartz (total quartz comprises up to 21% of the 
groundmass, average of 11.2%) is probably derived from 
silicification during the alteration of the host as a result of the 
hydrothermal alteration processes in the igneous host sequence. 
This silicification is mere intense adjacent to vein (e.g 5104, 
5108, 5109, 5132, 5134, 5138, 5143). Microveinlets of quartz also 
occur in the groundmass and were observed sometimes as cross-cutting 
structure in feldspar phenocrysts (Plate 1-D). This latter feature 
also indicates that quartz was formed during at least two stages.
The modal analyses do not distinguish between primary quartz 
and secondary quartz derived from alteration reactions. The main 
reason for this is that is extremely difficult, if not Impossible, 
to distinguish between the two types of quartz in the matrix. Vein 
quartz, which is of secondary origin generally constitutes less than 
5% of the total quartz; the proportion of vein quartz is dependent 
on the number of veins in the thin section and this is a function of 
chance sectioning of the sample. Any attempt to quantify the amount 
of secondary quartz may be misleading until fresh, unaltered samples
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are available.
Chlorite exhibits a flake-like to vermicular appearance and 
comprises up to 21 modal percent of the rocks. It is thè chlorite 
that imparts the distinctive green to greenish-blue colour to the 
hand specimens. The variation in the proportion of chlorite in the 
studied samples also suggests that the host rocks have undergone 
alteration (Section 4.3).
Epidote, in association with magnetite and/or pyrite, is a 
common inclusion in most of the chloritized minerals such as horn­
blende and clinopyroxene. Epidote also occurs as single anhedral to 
euhedral grains in plagioclase phenocrysts (Plate 1-C) or as columnar 
aggregates throughout the rock. Epidote was found In almost all 
samples analysed, and constituted 1 to 12% (average value 5%). The 
presence of epidote in these samples also suggests alteration 
by hydrothermal solutions.
Apatite is a minor accessory mineral and is disseminated 
throughout the host rock. It occurs within plagioclase phenocrysts 
or as a single crystal or groups of prismatic crystals within the 
groundmass (Plate 1-F).
Magnetite is the main iron oxide mineral in the host rocks. 
Within the strongly altered rock seme of the magnetite appears to 
have been replaced by hematite and hydrated oxides such as goethite.
Pyrite is also commonly disseminated throughout the host rock. 
It is generally fine-grained and euhedral, but seme grains appear 
corroded. Commonly this mineral is associated with the secondary 
minerals chlorite and sericite. Pyrite also occurs with other 
associated sulphide minerals such as sphalerite, chalcopyrite and 
possibly galena or in quartz stringers adjacent to vein sulphides.
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PLATE 1
A. Zoned plagioclase phenocryst. Sample 5117.
(The scale, in millimetres is given by the bar)
B. Plagioclase phenocryst showing alteration to 
sericite. Sample 5110.
C. Anhedral epidote in plagioclase phenocryst.
Sample 5113a.
D. Fine-grained quartz vein (microveinlets) cutting 
across the primary plagioclase phenocryst. Sample 
5115.
E. Secondary chlorite after hornblende. Sample 5105.





The host rocks from the Gunung Limbung area, contain abundant 
plagioclase (commonly andesine) phenocrysts with minor orthoclase, 
hornblende and clinopyroxene phencrysts, set in a matrix of quartz, 
feldspars, chlorite and epidote. The textures of the samples are 
invariably porphyritic textures and most of the samples are strongly 
altered. Given the above bulk mineralogy and using any one of 
several igneous rock classifications, the samples would plot as 
diorites. However, most samples contain at least 10% quartz and 
would be best termed quartz diorites as defined by Williams et al. 
(1954). •
Most of the unpublished data refers to the host rocks in the 
Gunung Limbung area as andesites. Reference to "andesite" 
intrusions is common-place. For example, Simmons and Browne (1988) 
refer to host rocks for the Mt Muro gold deposit, in Central 
Kalimantan, as "porphyritic andesite flews and a hypabyssal basaltic 
andesite intrusion".
It is possible that in sene localities in Indonesia both flows 
and intrusions host mineralization. Obviously this is an area where 
a lot of work remains to done. Field mapping was beyond the scope 
of this study and it was not possible to determine if both 
intrusions and flows of rocks of andesitic composition occur in the 
Gunung Limbung area. The mapping which has been done in the Gunung 
Limbung area clearly shews the host rocks to be of intrusive nature 
in outcrop.
4.2.3 Petrography of the Ores
Although the main technique for examining the ores was reflect­
ed light microscopy, several thin sections of selected ores were
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made. These sections were extremely useful in that aspects of the 
nature and origin of the quartz and other gangue minerals can be 
elucidated.
From thin section studies, the gangue mineralogy of the ores 
can be divided into two basic types - the mineral assemblage common­
ly found in the host rocks and a gangue mineral assemblage associat­
ed with the quartz veins. The former assemblage includes pheno- 
crysts of plagioclase, orthoclase, hornblende and clinopyroxene in a 
matrix of quartz, feldspars, sericite, chlorite and epidote.
The gangue assemblage associated with the quartz veins include 
quartz, chlorite, calcite and pyrite. The occurrence of this 
assemblage is interesting in ' that the type and abundance of the 
gangue minerals associated with the ores is not constant. For 
example, Sample 6056 is composed predominantly of large quartz 
grains, up to 6mm diameter, with large to small aggregates of green 
chlorite and sulphides. The relationship between the quartz and 
chlorite is somewhat ambiguous in that in seme parts of the slides, 
the chlorite appears to be the dominant phase with what appear to be 
later stage quartz veins cutting across the chlorite aggregates. 
Elsewhere in the slide, the chlorite appears to be interstitial to 
large aggregates of quartz, with in some areas, the chlorite appear­
ing to have grown from the outer surface of the quartz aggregates. 
This would suggest that there may have been at least two stages of 
quartz-chlorite formation.
The structure of the quartz veins in the ores is vastly 
different to the quartz veins in the host rocks which are simple 
veins filled with quartz and minor pyrite. The host rock veins are 
generally only one to two grains wide although in seme of the larger
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veins, there are enlarged areas where the quartz appears to have 
replaced the primary minerals.
In the quartz veins in the ores, the larger veins aré composite 
veins composed of two or more zones of quartz, with or without 
pŷ oite and other sulphides. If pyrite and sulphides are present, 
these are always found in or near the core of the vein. The quartz 
vein in sample 6046 is a typical example of a composite vein. It is 
5 to 6 cm thick and contains at least three zones of quartz, each 
consisting of representing a phase of quartz precipitation. Each 
zone of quartz consists of a layer, two to three grains thick and 
adjacent to an area of the host rock in which the equant grains are 
relatively small, 0.03 to 0.08 mm diameter. Adjacent to this is a 
second layer of quartz where the grains are quite elongate and much 
larger, generally 0.1 to 1 mm long, with the long axes of the grains 
perpendicular to the axis of the vein. A third layer of quartz is 
composed of fine-grained equant quartz, 0.04 to 0.1 mm diameter. 
Pyrite and other sulphides are carmonly found in this layer. In 
sample 6046 there are at least four zones of quartz with each 
probably representing a stage of quartz precipitation. If this 
interpretation is correct it indicates that the host rocks in the 
Gunung Limbung area either experienced several stages hydrothermal 
fluid migration or, if there was only one phase of fluid migration, 
it was long lasting and the physico-chemical conditions within the 
fractures of the host rock fluctuated, permitting repeated stages of 
quartz/sulphide precipitation.
4.3 Alteration Of the Host Rocks
An examination of the thin sections of the host rocks frcm the 
Gunung Limbung ore bodies, clearly shew that they have undergone
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significant alteration during or after the mineralization. 
Alteration of the phenocrysts was obvious and the percentage and 
nature of quartz, chlorite, epidote and other very fine-grained 
minerals (clay minerals) suggested that the matrix of the samples 
had also undergone alteration. Several samples were analysed by 
X-ray diffraction to determine if clay minerals were present, and if 
so, was there any change in the abundance of the these components 
downhole. Using the XRD traces, it was also possible to identify 
alunite, pyrophyllite, epidote, chlorite and sericite (Table IV-1).
In an attempt to quantify the XRD data, the peak area for the 
various minerals was measured and this was used to calculate a 
relative percentage for each mineral. For any given mineral, the 
sample with the largest peak area was allotted a percentage of 100% 
for that mineral and for all other samples, a percentage was 
calculated on a pro-rata basis using the respective areas for that 
mineral. Various attempts have been made to quantify XRD data but 
most agree that the results are questionable because of the 
magnitude and types of errors involved. Thus although the method 
used here only gives a relative percentage, any trends (especially 
downhole trends) are likely to be readily observable.
Evans (1987) stated that alteration of the wall rocks around 
ore bodies varies from minor colour changes to extensive 
mineralogical transformations and even complete recrystallization 
with the degree of alteration related to the temperature. In hand 
specimen, samples from Gunung Limbung are generally pale with the 
porphyritic texture quite noticeable. The feldspars are white and 
in the more altered samples, clay-like in appearance. The 
groundmass does not appear to have altered greatly. Given the hand
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’Jable IV -1
Relative abundance of m inerals as id e n tifie d  by XRD.
r — i---- 1------ T 1
Hole No. of Depth
Sample ( m )
Peak A/e rj ¿f, + <:
t I I I------- 1------1------- 1------1-----------r
galena Sphal. Chalcopy. Kaol. Chlor. Epid. Serie. Alun. Pyrophyl. Tot.Chl&Kaol
GLB11 15115 )-178.40 1 - J - 1 - | 87 1 - | 50 | 60 ) 60 1 40 ) 50
] 5116 [-237.70 1 - [ - 1 - | 40 1 50 | 40 | 100 | 70 1 - | 40
]R11052 [-291.80 1 10 1 100 1 - | - 1 - 1 10 | 40 | - 1 - | 40
|RI1053 [-318.65 1 <5 1 100 1 100 | 20 1 10 | - | 25 [ - 1 - 1 15
15117 [-385.70 1 <5 1 - 1 - | 35 1 30 | 20 | 50 | 50 1 - ) 20
|RI1054 [-385.70 1 <5 1 100 1 10 | - 1 100 | 35 | 50 | - 1 - | 90
GLB20 ] 5119 [-184.10 1 - 1 - 1 - j 85 1 - | 40 | 80 | - 1 - | 60
15120 [-248.95 1 - 1 - 1 - | 90 1 - 1 45 | - | - 1 15 | 50
¡5121 [-332.0 I - I - 1 - 1 95 1 - 1 45 | 50 1 1 45 | 55
|RI1060 [-369.30 1 5 1 100 1 <5 | 55 1 - ] - ) 65 ) - 1 - | 50
IR11061i [-375.0 1 - 1 100 1 <5 | - ! 90 | 25 | - | - 1 - | 100
|RI1062 [-385.10 1 <5 1 100 1 - | - 1 75 1 25 | 100 | - 1 - | 80
¡5123 [-393.15 1 - I - 1 - | - 1 - | 100 | 60 | - 1 50 | 40
3LB25 15124 |- 65.80 1 - 1 - 1 - | 100 1 75 | 40 | 80 1 100 1 - | 50
J 5125 [-179.45 1 - 1 - 1 - | 90 1 - | 40 | 80 1 70 1 45 | 50
15126 [-199.75 1 5 1 - 1 - 1 75 1 - 1 50 | 60 | 65 1 35 | 40
|r11065 [-215.90 1 100 1 100 1 - | - 1 15 1 15 | 65 | - 1 - 1 5
|RI1066 [-372.85 1 - 1 100 1 <5 ) 60 1 - | 35 | 85 | - 1 - ] 40
CLB8A ] 5135 |- 41.10 1 5 1 - 1 - | - 1 90 | 50 | 40 | 70 1 35 | 55
L580 |R11025 | - 1 100 1 100 1 - | - 1 - | - | 65 | - 1 - 1 7
1 RI1028 | - 1 10 1 100 1 <5 | - 1 - | - | 60 | - 1 - 1 5
1____ 1_____ 1 J___ 1 _l____1_ J___ ]____J___ l








Tot.Chl&Kaol. = Total Chlorite & Kaolinite
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specimen characteristics only, low to moderate temperature 
alteration is suggested. '
Burnham (1962) stated that hydrothermally-altered rocks can be 
grouped into two facies - the argillic facies and the phyllic 
facies. The former is characterized by epidote and clay minerals, 
usually montmorillonite or kaolinite, whereas the phyllic facies is 
characterised by micas, especially biotite and/or muscovite. The 
latter facies does not contain epidote or the clay minerals listed 
above. Given these definitions, the host rocks frcm Gunung Limbung 
probably best fit into the argillic facies although it is possible 
that seme of the features of phyllic facies may be present in sate 
samples.
Petrographically, four types of alteration can be recognised in 
the host rocks - argillic alteration, silicification, propylitic 
alteration and chloritization. Argillic alteration is characterized 
by the alteration of minerals, especially feldspars, to clay 
minerals (kaolinite, dickite), pyrophyllite, sericite and quartz 
(Evans, 1987). The host rocks frcm Gunung Limbung contain 
kaolinite, quartz and sericite. The feldspar phenocrysts invariably 
contain sericite but attempts to determine if the degree of 
sericitization changed downhole were limited by the sampling 
density. In three holes, GLB 11, GLB 20 and GLB 25, an increase in 
the sericitization of the feldspar phenocrysts was apparent for the 
upper two or three samples but near the ore bodies, sericitization 
appeared to be less intense. This apparent sericite trend was not 
picked up in the XRD traces which shewed sericite in most samples. 
Also, the sericite appeared to be erratically distributed throughout 
the hole. This suggests that there is abundant sericite in the
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matrix as well as in the feldspar phenocrysts. It should be noted 
that the total percentage of sericite, based on thin section studies 
and the size of the peaks in the XRD traces was generally small 
except for a few samples.
Kaolinite was detected by XRD analysis in samples frcm four 
holes (Table IV-1). The relative abundance of kaolinite appeared to 
be greatest at the top of the holes with little or no kaolinite near 
the ore zones in seme holes yet quite abundant near the ore zones in 
other holes. Kaolinite is an alteration product of feldspar 
phenocrysts and the felsic groundmass. Adjacent to the ore veins, 
especially in the Pasir Patapaan area and Cimasigit fault (5103, 
5106, 5115, 5137, 5140, 5142, 5143, 5144), the feldspars in the very 
light grey host rock are strongly and are interpreted as having been 
partially or completely replaced by kaolinite.
Alunite and pyrophyllite appear to be irregularly distributed 
through the samples. The distributions of the two minerals do not 
appear to correlate with the distribution of kaolinite.
Silicification normally involves an increase in the quartz 
content either as crystalline quartz or cryptocrystalline silica 
such as chert and opalline silica. The silica can be introduced 
either frcm the hydrothermal solutions or through the alteration of 
the feldspars. The abundance of quartz-filled veins and only 
limited alteration of feldspars in the upper parts of holes in the 
Gunung Limbung host rocks; indicates that much of the quartz was 
introduced frcm the hydrothermal solutions. In several samples, one 
set of quartz-veins clearly cut across, and in seme cases offset, 
earlier veins. Thus at least two phases of fracture filling has
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occurred. The composition of the two stages of veins were similar - 
almost entirely quartz with minor pyrite.
Quartz is also abundant in the matrix. Here it is character­
ized by euhedral grains. Adjacent to seme of the quartz-filled 
veins, quartz grains are very abundant with the abundance decreasing 
away iron the vein. The quartz grains do not appear to be optically 
different to the quartz elsewhere in the matrix. However, it is 
suggested, that seme of the quartz in the matrix was formed as an 
alteration product bY the hydrothermal fluids as they passed through 
fractures and invaded the host rocks adjacent to the fractures. In 
seme slides, matrix quartz appears to be most abundant near veins
Propylitic alteration is a complex alteration in which 
chlorite, epidote, albite and carbonate, with minor sericite, pyrite 
and magnetite, are formed. In host rocks iron Gunung Limbung, 
fine-grained epidote occurs in plagioclase phenocrysts and in the 
matrix. XRD data indicate that it is quite ubiquitous throughout 
holes. It appears to have developed by re-arrangement of 
plagioclase as a result of saussuritization. In seme samples, 
epidote and chlorite are the most conspicuous alteration products. 
Where these occur with sulphides, the sulphides and any veins 
present appear to be closely related to the alteration and this may 
indicate that these secondary mineral assemblages were formed 
contemporaneously with the sulphides. In other samples however, the 
extensive development of these secondary minerals occurs sore 
distance frcm the ore (for example, samples 5131, 5116, 5113).
Several minerals are carmon to both argillic alteration and to 
propylitic alteration whereas other are specific to one process or
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the other. The presence of kaolinite is indicative of argillic 
alteration whereas an abundance of chlorite and epidote is 
indicative of propylitic alteration. XRD traces indicate that sane 
samples contain both chlorite-epidote and kaolinite. It is not 
apparent whether these samples are frcm a zone of overlap where the 
two processes occurred simultaneously or if the host rocks were 
exposed to both the two processes at different tines.
Chloritization involves the formation of chlorite, with, but 
not always, quartz, tourmaline and other propylitic minerals. 
Hydrothermal chlorites canmonly show a change in the Fe:Mg ratio 
with distance frcm the ore body (Evans, 1987). The Fe-rich minerals 
are found near the orebody. This relationship could not be tested 
in this study because of the distribution of the tunnels and the 
drill holes. Obviously this is an area for more detailed study Wien 
the required set of samples is available. Chloritization usually 
occurs as through the development of chlorite minerals by the 
re-arrangement of iron-rich, rock-forming components such as 
amphiboles and pyroxenes. In the host rocks frcm Gunung Limbung the 
phenocrysts of hornblende and clinopyroxene have been extensively 
altered to chlorite and consequently, in line with the above, these 
original mafic minerals interacted with the hydrothermal fluids to 
form chlorite. Sons samples collected close to the zone of sulphide 
mineralization (5102,-L.400; 5106,-L.490; 5143, 5144,-L.490; 5113, 
-68.40m depth; 5115, -178.40m depth; 5138, -145.20m depth; 5142, 
-52.50m depth) contain much more chlorite than samples further frcm 
the mineralization. It has been suggested that the variation in the 
proportion of chlorite, and other alteration minerals (Evans, 1987), 
reflect the original composition of the rocks, and in the case of
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chlorite in the Gunung Limbung rocks, this would be the 
ferrcmagnesian content of the host rocks. The abundance of chlorite 
in the above samples adjacent to the ore bodies could indicate 
selective alteration or it could indicate that the degree of 
alteration was more intense adjacent to veins.
It is obvious frcm a petrographic stud/ of the host rocks frcm 
Gunung Limbung have undergone extensive alteration. Additional 
studies are required to determine the extent of this alteration. 
However, since alteration is a feature of this type of hydrothermal 
deposit, it should become a routine tool for exploration when a full 
understanding of the alteration processes, and the distribution of 
the alteration zones in relation to the ore body, are known.
4.4 Ore Mineralogy
4.4.1 Introduction
Ores collected for this study were, as far as possible, typical 
high grade ores containing zinc, lead and copper sulphides. In hand 
specimen, sphalerite, galena and chalcopyrite grains are usually 
frcm 0.5 mm to 5 mm in diameter and are cormonly found as massive 
aggregates of interlocking coarse-grained quartz and sulphide 
crystals or as irregularly dispersed grains in the altered host 
rocks.
Identification of sulphide-bearing samples frcm the Gunung 
Limbung area is based on 80 polished samples taken mainly frcm drill 
cores and tunnel samples. Minerals and their assemblages were 
studied with the aim of elucidating the history of the mineraliz­
ation and the distribution of sulphides in the ore. Trace element 
data supporting the mineragraphic studies are given in Chapter V.
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Reflected light microscopy traditionally is useful in obtaining 
data on as number of aspects of the ores. These include textures, 
which are vitally Important in metallurgical studies, abundance and 
distribution of ore minerals and gangue, also Important in metal­
lurgical studies but also important in genesis studies, and the 
relationships of the sulphide-gangue phases. It was for these these 
reasons that reflected light microscopy was employed in this study.
4.4.2 Types of Ore Mineralization
In the past studies of the ores from Gunung Ldmbung, four types 
of ores have been described. One of the objectives of this study is 
to determine if the four types of ores can be recognised and, if so, 
does this have any significance in an understanding of the origin of 
the deposit.
The four types of ore can be distinguished by the relative 
proportions of sulphides, silicate mineral and textural features. 
The distribution of the four ore types within the ore bodies could 
not be determined in this study because of the sample distribution 
but is thought to be irregular throughout the prospect as previously 
described in company reports. In many instances the ore types appear 
to overlap vertically and/or horizontally. Given the apparent 
distribution of the ore types they may only be textural forms rather 
than genetically significant types. A larger, more densely-spaced 
sample population would be required to test this. The general 
characteristics of the samples and location of each sample are 
summarized in Table IV-2. Point count data for representative 
samples are presented in Table IV-3 and a summary of the estimated 
abundance of sulphide minerals in each ore type is given in Table
IV-4. Whilst the point count data give reliable figures for the
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Table IV-2
Descriptive Classification of Hand Specimen Ore types
r 1
Ore Type Description Sample Location
Massive Ore 40%-80% sulphides.
Solid vein within host 
rock, up to 30 Cm thick. 
Polymetallic.










Alternate layers of 
quartz and sulphides. 
Infilling open fractures 
in the host rock. 
Discontinuous stringers 
sulphide and quartz.








Minerals intertitial to 
clasts which range in 
size from 1 Cm to 20 Cm. 
Clasts are cemented by 
recrystallized quartz 
and sulphide (pyrite) 
10%-40% pyrite.




us depth as lis­




Sulphide minerals are 
disseminated throughout 
the altered or silicifi- 
ed wall rock.
< 10% sulphide.
CBK, GLB, CPT, 
CLB. Tunnels 
and Drill Holes 
samples from va­




Note: CBK = Cibadik/Patapaan CLB = Cilangambang




Modal Analysis of Sulphides (in %)









R11031 Mass. Ore 26 - 1.5 6 16.5 19.5 30.5
R11032 M a s s . Ore 42 - 4 1 3 7 43
R11033 M a s s . Ore 27.5 - 1 5.5 16.5 22.5 27
R11034 Ma s s . Ore 38.5 - - - 3 0.5 58
R11035 Mass. Ore 4 - - 7 2.5 56 30.5
R11036 Ma s s . Ore 15 - 0.5 2.5 15.5 20 46.5
R11028 Mass. Ore 5 - - 4.5 3.5 37 50
R11029 Mass. Ore 8.5 3.5 - 5.5 14.5 35 33
R11030 Mass. Ore 11.5 - 0.5 3 0.5 37.5 47
R11025 Mass. Ore 17.5 2 - 2 12.5 24 42
R11026 Ma s s . Ore 3 - - 4.5 16.5 59.5 16.5
R11027 M a s s . Ore 6 - - 4 20.5 46.5 23
R11008 Ma s s . Ore 9.5 - 8.5 3 17.5 34 27.5
R11009 M a s s . Ore 5.5 - 12 2.5 2.5 23.5 54
R11006 M a s s . Ore 20 - 6.5 2 - 26 45.5
R11037 M a s s . Ore - - - 4 20.5 60.5 15
R11060 Mass. Ore 43.5 - 2.5 1.5 2.5 17 33
R11062 Mass. Ore 41 - 4 2 - 17.5 35.5
R11070 Mass. Ore 16.5 - - 6.5 - 64.5 12.5
R11019 M a s s . Ore 11.5 1 7 5 16 45 14.5
Average Mass. Ore 17.6 0.3 2.4 3.6 9.2 32.6 34.2
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Table IV-3 (Cont.)
RI 1042 Diss . Ore 2.5 - 43 - - - 54.5
R11046 Diss . Ore 17 - 2 - - ■ - 81
RI1047 Diss. Ore 7.5 - 1 - - - 91.5
RI1051 Diss. Ore 4.5 - 2 - - - 93.5
RI 1059 Diss . Ore 14 - 1 - 13.5 14.5 57
RI 1063 Diss . Ore 7 - 4 - - 15.5 73.5
RI1064 Diss. Ore 12 - - 2 1 18 67
RI1071 Diss . Ore 2 - - 2 1 23 72
RI 1079 Diss. Ore 23 — — — — 1 76
Average Diss . Ore 10.0 - 6.0 0.4 1.7 o00 74.0
RI1012 Q.V. Ore 5 - 1 2 3.5 42 46.5
RI 1014 Q.V. Ore 22 - 11. 5 - - - 66.5
RI10 54 Q.V. Ore 14.5 - 27.5 1.5 1 11.5 44
R11055 Q.V. Ore 23 - 11 2 1 22.5 40.5
RI10 57 Q.V. Ore 23.5 - 1 2.5 3 31 39
R11058 Q.V. Ore 24.5 - - 2 8 24.5 41
RI1065 Q.V. Ore 3 - - 1.5 32.5 21 42
RI 10 66 Q.V. Ore 2 - - 2.5 2 23 70.5
RI1067 Q.V. Ore 5.5 - 0.5 1.5 1 12 79.5
RI1074 Q.V. Ore 21 - 3.5 - - 6 69.5
RI107 5 Q.V. Ore 4.5 - 28.5 - - 3.5 63.5
RI107 6 Q.V. Ore 3 - 5 4 - 38.5 49.5
RI1077 Q.V. Ore 23.5 - 17.5 - - - 59
RI 1082 Q.V. Ore 20 - 22.5 - - - 57.5
Average Q.V. Ore 13.6 - 9.3 1.4 3.7 16.8 54.9
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Table :IV-3 (Cont.)
R11018 Bx. Ore 39 -
R11023 Bx. Ore 36 -
R11041 Bx. Ore 5.5 -
R11043 Bx. Ore 15.5 -
R11050 Bx. Ore 2.5 -
R11052 Bx. Ore 24 -
R11053 Bx. Ore 14 _
16 — — — 45
5 - - ' - 59
36.5 - - - 58
4 2 5 23 50.5
2 3.5 5.5 31.5 55
- - 4.5 14 57.5
33.5 — — 1.5 51
Average Bx. Ore 19.5 - 13.8 0.8 2.1 10 53.7
Note :
Py Euhed. = Pyrite Euhedral
Py Int. = Pyrite Interstitial
Cpy L.Grn = Chalcopyrite Large grain
Cpy Ex s . = Chalcopyrite Exsolution
Pb = Galena
Sp = Sphalerite
Mass. Ore = Massive Ore
Diss. Ore = Disseminated Ore
Q.V. Ore = Quartz Vein Ore
Bx. Ore Brecciated Ore
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Table IV-4
Estimated Percentage of Sulphide Minerals in Each 
Ore Types.
r T






pyrite < 5% 
chalcopyrite < 5%
GLB, CBK, CPT,
CLB, CKL. Tunnels 
and Drill Holes 
samples from vario­






pyrite + 10% 
chalcopyrite < 3%
CBK, GLB, CLB.
Tunnels and Drill 
Holes samples from 
various depth as 




sphalerite + 5% 
galena ± 5% 
chalcopyrite < 3%
CBK, GLB, CPT.
Tunnels and Drill 
Holes samples from 
various depth as 
listed in appendix 1.
Disseminated
Ore
sphalerite < 2% 
pyrite + 1% 
chalcopyrite <0.5%
CBK, GLB, CPT, CLB. 
Tunnels and Drill 
Holes samples from 
various depth as 
listed in appendix 1.
Note: CBK = Cibadik CLB - Cilangambang
GLB = Gunung Limbung I CKL = Cikole
CPT = Ciputat
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abundance of sulphides in the samples cited, they should not be 
viewed as representative figures for the grade of the deposit as a 
whole as such data should be obtained frcm half core samples taken 
over specified intervals such as 1 to 2 metres. Point count data 
for the samples examined are given in Figures IV-1 to IV-10.
For the samples counted, sphalerite, galena, pyrite and 
chalcopyrite are the most abundant sulphides. Point count data show 
that the absolute abundances and the relative proportions of each 
sulphide changes with ore type and there is a considerable range of 
values for each sulphide within each ore type (Figs. IV-1 and IV-2). 
As far as totals are concerned, chalcopyrite is most abundant in the 
brecciated and quartz vein ores (Table IV-3) whereas pyrite is most 
abundant in the brecciated, quartz vein and massive ores. 
Sphalerite is most abundant in the massive ore, and to a lesser 
extent, in the quartz vein ore. Galena is most abundant in massive 
ore.
Chalcopyrite and pyrite are relatively more abundant in the 
quartz vein and brecciated ores where both minerals are accompanied 
by abundant quartz. EXsolution chalcopyrite is most abundant in the 
massive ore where it is more common than chalcopyrite grains.
Where the total chalcopyrite is plotted against the percentage 
of sphalerite, galena, pyrite and gangue minerals (Figs IV-3, IV-4, 
IV-5 and IV-6 respectively) no apparent relationship between 
chalcopyrite and any other mineral is apparent. In all cases there 
is a considerable range of values and each ore type has a 
considerable range. However, where the percentage of exsolution 
chalcopyrite is plotted against the four minerals (Figs IV-7 to 
IV-10), there is an apparent relationship between exsolution
Figure IV-1
Plot of the relative percentage of Galena-Sphalerite- 
total Chalcopyrite for four ore types.
Figure IV-2
Plot of relative percentage of Galena-total Pyrite-








Plot of Sphalerite versus total Chalcopyrite (in %)
for four ore types.
Figure IV-4
Plot of Galena versus total Chalcopyrite (in %)
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Figure IV-5
Plot of Pyrite versus total Chalcopyrite (in %)
for four ore types.
Figure IV-6
Plot of Gangue Minerals versus total Chalcopyrite (in %)
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Plot of Sphalerite versus Chalcopyrite exsolution (in %)
for four ore types.
Figure IV-8
Plot of Galena versus Chalcopyrite exsolution (in %) 
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Figure IV-9
Plot of Pyrite versus Chalcopyrite exsolution (in %)
for four ore types.
Figure IV-10
Plot of Pyrite versus grains of Chalcopyrite (in %) 
for four ore types.
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chalcopyrite and both sphalerite and galena. With regard to the 
sphalerite, this trend is not unexpected as the cannon, host for the 
exsolution chalcopyrite is sphalerite. The reason for the 
relationship between galena and exsolution ̂pyrite is less apparent 
unless the sphalerite and galena are sanehow linked.
The graph of granular chalcopyrite against pyrite also does not 
show any apparent relationship other than a wide spread of data for 
the four ore types.
4.4.2. a Massive Ore
Massive ore canmonly occurs as discontinuous veins up to 30 cm 
wide in the brecciated zones within the host rock. Point count data 
indicates that this ore generally consists of 60%- 85% sulphides, 
but may be as low as 40%. This type of ore is a polyiretallic ore 
with the sulphides occurring as lenses or in layers up to 8 cm thick 
(e.g. Plate 2-A, frcm Tunnel 400, Pasir Patapaan) . The ore minerals 
are dominated by sphalerite (20 - 60%), with galena and pyrite con­
stituting about 10%-15% and 3 to 40% of samples respectively. 
Chalcopyrite is a minor component (less than 5%). The occurrence of 
chalcopyrite is both as grains and as exsolution blebs in 
sphalerite, with the abundance of both forms subequal. Gangue 
minerals comprise clay minerals, quartz, and altered host rock 
components such as chlorite.
4.2.2. b Quartz Vein Ore
Many of the quartz veins contain sulphide mineralization. The 
veins range in size frcm less than 5 mm thick to major veins 
approximately 5 cm to 30 cm thick. Cross-cutting relationship and 
the sulphide mineralogy indicate that there are several generations 
of veins. Quartz veins containing sulphide (pyrite, sphalerite,
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galena and. chalcopyrite), of sufficiently high grade to make them 
economically important, have been interpreted as being of second 
generation origin (Noegroho, 1980). This type of vein often shows a 
distinctly layered texture due to the alternate layering of the 
sulphide minerals and quartz (Plate 2-B). In seme cases quartz 
occurs as comb structures with the sulphide as discontinuous 
stringers between the quartz crystals. Among these sulphides, 
sphalerite and galena are dominant. Pyrite constitutes up to 40% of 
the samples but averages approximately 17%. Chalcopyrite, commonly 
as an accessory mineral (usually less thanl5% but may be as high as 
30%), in discontinuous lenses between the other sulphides. In 
seme samples, dilation of fractures produced more massive sulphide 
mineralization up to 3 cm wide. These layers are dominated by 
sphalerite and galena with chalcopyrite and pyrite also present. 
Generally the sulphide minerals, particularly sphalerite, are 
coarse-grained (1mm to 4mm) and occur as anhedral polycrystalline 
aggregates. Euhedral-subhedral pyrite and galena are interstitial to 
the sphalerite. Quartz is the most common gangue mineral and is 
generally intergrown with the sulphides as described previously. 
Other gangue minerals, such as chlorite, are only rarely present.
4.4.2.c Brecciated Ore
The brecciated ore probably resulted from the injection of ore- 
bearing fluids into the wall rocks under considerable pressure as 
these ores consist mainly of wall rock and ore fragments in a 
matrix of recrystallized quartz or host rock minerals. Wall rock 
fragments are small, generally less than 20 cm diameter (Plate 2-C). 
The clasts commonly have been altered, have an irregular shape and
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contain fine-grained pyrite. At the hand specimen scale, the angular 
altered fragments appear to be cemented by recrystallized quartz but 
microscopically sane clasts are rimmed, or cemented to other clasts, 
by fine grained pyrite (Plate 2-D). Veinlets of quartz and sulphides 
criss-cross the wall rock clasts and extend out into the surrounding 
ore.
Pyrite is the dominant mineral and constitutes approximately 10 
to 40 percent (mean of 19.5%) of the bulk ore. Individual pyrite 
crystals are up to 4 mm in diamster and occur in large 
equidimensional groups. Other occurrences include finer-grained, 
very densely-packed, monomineralic aggregates and aggregates of 
pyrite with interstitial quartz. Anhedral blebs and stringers of 
chalcopyrite are sane times present in the pyrite-quartz assemblages. 
Sphalerite and galena occur in minor amounts (usually less than 10%) 
and both are always intergrown with the chalcopyrite. The sphalerite 
and galena are generally anhedral and less than 0.5 mm diameter. 
Chalcopyrite cammanly constitutes less than approximately 10 to 15% 
of the bulk rock (although one sample, R11041, contained 37%) 
sporadically throughout the samples.
4.4.2.d Disseminated Ore
Disseminated ore comprises a very lew proportion of sulphide 
minerals and was observed in samples from drill holes, for example, 
R11071 (CPT 8, -207.85 m depth) , R11064 (-199.77 m depth) , R11059 
(GIB 12,-212.6 m depth) and R11051 (GLB 11, -178.40 m depth). The 
total sulphide content is considerably less than in the massive or 
quartz vein ore and seldom exceeds 30 percent of the bulk rock. 
Sphalerite is the dominant ore mineral (constituting up to 31% of 
samples) but pyrite is more abundant, commonly approximately 20%
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(range of 3 to 39%) . It occurs as medium- to coarse-grained 
crystals (up to 3 mm in diameter) disseminated throughout the 
altered or silicified rocks. Chalcopyrite occurs in association with 
sphalerite. Disseminated ore grains occur within small detached 
quartz fragments in the inter-vein ores. It is suggested that the 
sulphides in these detached quartz fragments (e.g. in R11083) are 
probably related to the silicification processes, although as in the 
quartz veins, not all detached quartz contains sulphide particles.
4.4.3 Ore Descriptions and Textural Relationship
The mineralogy of each ore type is listed in Table IV-5. Each 
of the four types (massive, quartz vein, brecciated, disseminated) 
is characterized by a distinct mineral assemblages and textural 
relationships. In the study area, the sulphide assemblages are very 





Other minerals have been previously described (Ardha et al., 
1985) but all of these assemblages have not been confirmed in this 
study. Reported minerals include arsenopyrite, tetrahredrite and 
pyrrhotite. Gold and silver, though not seen in any polished section 
made for this study, are present in assays in minor amounts with 
grades of 0.2 to 1.0 g/tonne Au and 3.0 to 135.0 g/tonne Ag (Ardha 
etal., 1985). Trace element data for one massive ore sample 
analysed in this study gave 0.462 ppm of gold and 1170 ppm Ag 
(Chapter 5).
Table IV-5
Mineral Associations in Gunung L.imbung Sulphide Ores.
"'l 1 ■ . ... ■
Mi n e r a l i z a t i o n Major Mineral Accessory Minerals 
(Decreasing Abundances)
Grain Size Textures (decreasing 
Frequency of Occurence) "
Massive Ore Sp, Pb Cp, Py 
Cv-traces
Gangue, Clay dominant.
Sp-up to Amra, 
form as aggre­
gates.









Exsolution: (Cp in Sp). 
Inclusion : (Pb in Sp). 
Deformed/banded in Pb.
Q u a r tz-vein
Ore





Pb , ± 2mm 
Py, up to Aram 
Cp , fine <2 mm








Cracking in Py, ' 




Sp , Pb 
Fe , traces 
Gangue, Quartz and 
clay minerals.
Py, up totAmra 
Cp, as aggre­
gates up to 
Amm.
Sp , f ine < 2mm 
Pb, fine< 2mm
Replacement: (Cp-Py) . 
Cataclastic/craeking 
in Py.




Pb , traces 
Gangue, Quartz.
Sp, up to 3mm 
Py,- 2mm 
Pb, < 1 mm 
Cp > < 2mm
Cracking in Py,Corroded. 
Exsolution, free in 
some Sp particles.
Key: Sp = Sphalerite Cv ® Covellite
Pb = Galena Fe » Magnetite
Cp ■ Chaleopy rite Py = Pyrite
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The non-sulphide components in all types of ore are quartz, 
chlorite, clays and sericite.
4.4.3.a Pyrite
Pyrite is found in all types of ore but is most abundant in 
brecciated ore types. Four types of pyrite have been recognized: 
idicmorphic grains, angular fragments of grains, rounded to 
subrounded clusters of grains and pyrite that is interstitial to 
other minerals including both sulphides and gangue. Whilst 
idicmorphic crystals are present in all types, they are very common 
in massive and quartz vein types. Pyrite crystals, surrounded by 
quartz, sphalerite, galena or chalcopyrite, range in diameter from 
0.02mm to 4.0 mm. Seme of the coarser grains have undergone 
cataclastic deformation with the fractures in the pyrite fragments 
commonly filled with galena, chalcopyrite or sphalerite. In seme 
samples, matching walls of pyrite occur on each side of the 
fractures which have been enlarged by the growth of galena. Examples 
of deformed pyrite have been found in sample R11060 (GLB 20, -369.30 
m depth) and R11082 (CLB 12, -261.30 m depth). Examples are
illustrated in Plate 2-E.
Cataclastic pyrite textures are commonly found in many deformed 
sulphide deposits (Vokes, 1969; 1971; Ramdohr, 1969; Mookerjee, 
1976; and Sarkar et al., 1980). The deformation of pyrite has been 
attributed to its hardness and brittleness (Graf and Skinner, 1970 
and Atkinson, 1975). Other investigations have been shown that 
pyrite can also be deformed by dislocation processes (Cox et al., 
1981; Graf et al., 1981; and McClay and Ellis, 1983). Some of the 
coarser- grained pyrite in the Gunung Limbung samples appears to be
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highly corroded and partly replaced by sphalerite and/or galena. In 
the quartz ore veins, the corrosion of the earlier formed minerals 
was probably caused by changes in the chemical equilibrium between 
the solid phases and the passing fluids. Small inclusions of galena 
and gangue (0.01 mm to 0.1 mm) occur in pyrite crystals, for example 
R11074 (GLB 1, -62.75 m depth) and R11033 (Tunnel 580). Inclusions 
of this type are either residual grains remaining after replacement 
or they are due to later infiltration of ore-bearing fluids 
(Ramdohr, 1969). The angular characteristics of fine-grained pyrite 
(0.02 mm to 0.05 mm), set in a quartz matrix in the brecciated ore, 
may be due to localized deformation.
Rounded to subrounded clusters of pyrite, with an average 
grain size of 0.05 mm are found in the quartz matrix of vein-type 
ores. In sample R11081 (CLB 12, -247.60 m depth), this type of
pyrite occurs between quartz stringers. Chalcopyrite also occurs in 
the interstices of pyrite clusters. Many of these pyrite grains 
have inclusions of galena. Pyrite with an atoll-like structure, set 
in the quartz matrix of the quartz vein ore, was also noted in 
sample R11074 (CLB 1, -62.50 m depth). The pyrite grains are small 
(0.02 run to 0.05 mm) and highly corroded.
Occasionally, the pyrite aggregates have been replaced by 
quartz and only discontinuous circular remnants of pyrite remain 
(Plate 2-F).
Interstitial pyrite may represent a later stage of pyrite than 
the granular forms.
4.4.3.b Sphalerite
Sphalerite is the second most abundant sulphide mineral and 
occurs in a variety of forms including lenses, vein infillings and
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as essentially moncmineralic concordant layers ranging in thickness 
frcm 1 mm up to 2 cm. Minor amounts of sphalerite also occur as 
medium to coarse grains disseminated throughout the host rock. In 
the brecciated ore type, sphalerite grains are subhedral to anhedral 
with typical dimensions between 0.01 mm and 2 mm. They may also 
occur as relatively coarse aggregates occasionally exceeding 4 mm 
diameter. Sane coarse grains of sphalerite are zoned and this is 
clearly seen by the zonation in the colour of the internal 
reflections vary frcm reddish-yellow to deep red. Sawkins (1964) 
suggested that the various colour zones of sphalerite are related to 
different episodes of mineralization.
Sphalerite in massive ore, as found in sample R11070 
(CPT 8, -160.90 m depth), typically shows only red to deep red
internal reflections (Plate 3-A). The red or deep red internal 
reflections of sphalerite suggest a relatively high iron content 
(Edwards, 1954, also Chapter V). Many of the sphalerite grains in 
the vein and brecciated ores contain tiny blebs, subspherical in­
clusions and narrow blades/lamellar of chalcopyrite. These 
inclusions within the sphalerite host, have a randan, linear or 
circular distribution (Plate 3-B, C and D). Sore have a rod-like 
form. In the disseminated ore, a small number of sphalerite grains 
contain a chalcopyrite inclusions but these are much less cannon 
than in the vein and brecciated ores.
The chalcopyrite-sphalerite assemblages in Gunung Limbung 
samples are similar to 'chalcopyrite disease' described by Barton, 
1978. Traditionally these textures have been interpreted as ex­
solution features or emulsions of chalcopyrite frcm sphalerite 
(Edwards, 1954); Ramdohr, 1969), but seme occurrences are now
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interpreted as replacement or epitaxial features (Wiggins and Craig, 
1980; Hutchison and Scott, 1981; Craig, 1983).
In seme sphalerite-rich’ samples, galena and pyrite occur 
within the sphalerite as clusters of minute rounded inclusions which 
average 0.02 mm diameter (Plate 3-E). In other sanples, galena or 
chalcopyrite occur as veins in sphalerite but this occurrence is 
rare. The relationship between the sphalerite-galena and sphalerite- 
chalcopyrite intergrowth are generally simple. In many cases galena 
and chalcopyrite are thought to replace the sphalerite. as elsewhere 
rim replacement is common. The incipient developmsnt of discon­
tinuous vein-like pyrite along fractures within and rim pyrite at 
the margin of sphalerite grains are common in the quartz vein and 
brecciated ore types (Plate 3-F).
4.4.3.c Galena
Galena grains are present in almost all ore samples collected 
from vein or brecciated ore zones. Galena canmonly occurs in one of 
three forms - as coarse aggregates, large cubic grains up to 2 mm 
(rarely containing inclusions of other sulphides) or as very small 
grains disseminated throughout the host (mainly quartz). Other less 
cannon forms include irregular, discontinuous veins or interstitial 
to grains of sphalerite. Interfaces of galena-pyrite grains are 
generally linear.
Galena is very ductile and has a lew strength index (Lyall and 
Paterson, 1966; Vokes, 1969, 1971). It is possibly injected into 
fractures in the harder ore. minerals and gangue. Within seme 
sphalerite-rich or chalcopyrite-rich sanples, galena commonly 
replaces the dominant minerals. In very rare instances galena is 
also replaced, by quartz or sphalerite, along the cleavage planes
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(Plate 4-A). Small rafts of galena in quartz in the vein-type ore 
are probably remnants left by replacement processes. In sane cases, 
sane of the cleavage planes of galena are strongly folded or curved 
indicating post-depositional deformation (Plate 4-B), a feature 
described by Salmon et al. (1974). In sore massive ore samples 
(for example, R11036, Tunnel 580), galena also showed microfaulting 
(Plate 4-C). According to Salmon et al. (1974) microfaults represent 
ductile cataclasis of galena at low temperature and under low 
confining pressures.
4.4.3.d Chalcopyrite
Chalcopyrite invariably occurs in association with other 
sulphides and is relatively cannon in vein and brecciated ore types. 
It is much less abundant than other sulphides. In most samples, 
chalcopyrite occurs as moderately-coarse to coarse-grained 
aggregates up to 2 mm in size, as small anhedral grains (0.02 mm to 
0.4 mm) dispersed through the quartz matrix, but most canmonly as 
interstitial infillings between quartz grains or between pyrite 
grains (Plate 4-D). As noted earlier, chalcopyrite also occurs as 
exsolution lamellae or inclusions in sphalerite. In contrast with 
normal replacement found in sphalerite (that is, chalcopyrite 
replacing sphalerite), chalcopyrite is also (but rarely) replaced by 
sphalerite (rim replacement, Plate 4-E). This petrographic evidence 
indicates that chalcopyrite is both a pre-sphalerite and post­
sphalerite mineral.
Chalcocite, covellite and bomite occur sporadically in 
association with chalcopyrite in a few of the vein and brecciated 
samples. Normally these minerals are present within fractures or as 
reaction rims around the chalcopyrite grains. Chalcocite and bomite
83
occur as intergrowths with sphalerite or as isolated grains in 
quartz gangue. Covellite is also found encrusting the surface of 
sane smaller grains of chalcopyrite.
The reaction rims and encrusting surfaces of chalcocite, 
bomite and covellite on sphalerite and chalcopyrite host minerals, 
indicate that these minerals are secondary minerals associated with 
the near surface alteration cycle of mineralization. This is 
consistent with the location of the samples in which they were 
observed, namely near the surface. Traces of magnetite and hematite 
occur within sphalerite aggregates. These minerals also occur 
between sulphides or quartz gangue. Elongated streaks of magnetite, 
found in quartz, shew evidence of oxidation to hematite.
4.5 The Order of Formation of The Sulphide Minerals
The determination of the order of formation of the sulphide 
minerals was mainly determined by petrographic studies of polished 
blocks as described in Section 4.4. The mineralogy and textural 
relationship of the ore minerals are broadly similar throughout the 
area and it is likely that the order of the formation of the 
sulphide minerals is the same for all deposits. One has to be 
careful not to read too much into petrographic data. Hcwever, if 
the data are used in conjunction with data derived fran other 
techniques, useful information of paragenesis can be obtained.
The ore bodies at Gunung Limbung are characterized by a number 
of features:
i. they are coarse-grained;
ii. they are massive or layered;
iii. pyrite is a carmen and ubiquitous mineral;
the sulphides are euhedral and have well-formed faces;iv.
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PLATE 2
A. Massive sulphides, shewing layers of sphalerite, 
galena, and pyrite. Location, Tunnel 580. Gunung 
Limbung I. Sample R11025.
B. Layers of quartz and sphalerite, illustrating the 
quartz vein type. Location, Tunnel 580. Gunung 
Limbung I. Sample R11028.
C. Sulphides injected into wall rocks. Location, 
Tunnel 580. Gunung Limbung I.
D. Clast of host rock cemented by dominantly pyrite. 
Location, Tunnel 490. Pasir Patapaan.
E. Fractures in pyrite infilled with injected galena 
with little or no replacement. Sample R11084.
F. Corroded pyrite with remnant circular traces in 




A. Sphalerite grain shewing yellcwish-red to deep red 
internal reflection. Sample R11071.
B. Randcm distribution of chalcopyrite exsolution in 
sphalerite host. Sample R11031.
C. Linear distribution of chalcopyrite exsolution in 
sphalerite host. Sample R11060.
D. Circular distribution of chalcopyrite exsolution in 
sphalerite host. Sample R11017.
E. Inclusion of galena (gl) and pyrite (py) in 
sphalerite host. Sample R11025.
F. Secondary pyrite developed along boundaries of 






A. Galena replaced by quartz and sphalerite (sp) along 
cleavage plans. Sample R11033.
B. Curved cleavage traces in galena, probably formed 
by post-depositional deformation. Sample R11026.
C. Deformed (microfault) galena grains.
Sample R11036.
D. Chalcopyrite interstitial to subrounded pyrite 
grained. Sample R11080.
E. A narrow rim of sphalerite along the margin of 
chalcopyrite grain. Sample 11044
F. Post crystallization quartz in the brecciated vein.
Sample R11026. .
PLATE 4
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v. some pods and layers of sulphides are moncmineralic whereas 
others are polymineralic (where layered, the layers are 
parallel to the walls of the fractures in which the 
minerals were precipitated) ;
vi. sphalerite contains exsolution blebs of chalcopyrite which 
appear to have formed by epitaxial growth; and,
vii. the sphalerite is zoned.
According to Craig and Vaughan (1981) the above characteristics 
are typical of copper-lead-zinc vein deposits formed by hydrothermal 
solutions. Furthermore they stated that, fluid inclusion studies 
indicate that meteoric waters play a large part in the formation of 
these types of deposits with the ore-forming fluids chloride-rich.
Whilst it is not possible to postulate on the canposition of 
the ore-forming fluids in the Gunung Limbung area, it is reasonable 
to suggest that the mineragraphy suggests that the ore bodies are 
indeed hydrothermal.
If only petrographic evidence is used, one likely suggestion is 
that the mineralization, on a deposit-wri.de scale, occurred in five 
stages. At least three of the stages are visible in most samples 
which have mineralized veins. The main criteria used to determine 
the paragenetic stages were: crystal morphology, cross-cutting 
relationships, replacement and exsolution features. As was noted 
earlier in this study, sulphide ores within the intrusive body in 
Gunung Limbung area are typical of open-space infillings. Good 
examples occur in the Zn-Pb-Cu vein deposits. The mineralization was 
probably associated with varying degrees of wall rock replacement 
as veil. The dominant sulphides are characteristically coarse­
grained with crustification banding of sphalerite, chalcopyrite and
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galena, comb quartz and multiple-stage sequence of brecciation 
sulphides.
The five stages of mineralization are given below.
Stage 1: The earliest phase of mineralization was the develop­
ment of narrow discontinuous veins. Grey to light grey crystalline 
quartz was the only mineral formed and pyrite the only sulphide. 
Both minerals are commonly euhedral (with the development of 
well-formed faces along the walls of fractures or open spaces).
Stage 2: The main economic sulphide minerals formed in the open 
fissures or fractures during Stage 2. During this stage of 
mineralization, it is believed that the fractures progressively 
widened as displacement along faults increased and the sulphides 
were introduced episodically. The minerals exhibit trustification 
banding (sphalerite, chalcopyrite and/or galena) and are associated 
with clear, milky or smoky quartz. Fine- to coarse-grained euhedral 
pyrite precipitated with the primary sulphides occur as sparse 
disseminations or as masses in the gangue and sulphides.
The open-spaced veins contain either monomineralic sulphides or 
paired sulphides. Example are samples from Tunnel 400, Pasir 
Patapaan, and Tunnel 580, Gunung Limbung I. At both localities, 
sphalerite, galena and chalcopyrite are the dominant sulphides. 
Craig and Vaughan (1981) suggested that the changing mineralogy of 
successive layering, and mineralogic variations along the vein, are 
due to the changes in nature of the fluids at the time of 
deposition. Stage 2 mineralization was followed by an episode of 
local deformation where the severity of deformation ranged from 
moderate fracturing to intense brecciation and shearing of the 
veins. The intense deformation (brecciation) of the older vein
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fillings increased the volume of veins up to several hundred 
percent. In samples from Tunnel 400, Pasir Patapaan (Plate 4-F), 
minor sulphides were introduced contemporaneously with the quartz.
Stage 3: The base metal sulphides were remobilized and were 
associated with two episodes of replacement of the earlier pyrite. 
The first episode followed the deformation of sulphides. Stage 1- 
pyrite fragments that had been fractured at the end of Stage 2 were 
penetrated and replaced by rembbilized galena and/or chalcopyrite 
(Figure 2-E) with only minor replacement occurring along crystal 
boundaries. In many instances chalcopyrite is interstitial to 
pyrite crystals. In all types of ore observed, chalcopyrite normally 
rims or occurs in embayments along the margins of Stage 2 
sphalerite. Chalcopyrite was in turn replaced by galena, indicating 
that chalcopyrite pre-dated galena and post-dated sphalerite.
The second episode was the replacement of sphalerite by 
chalcopyrite. Although sore exsolution chalcopyrite may be of 
primary origin, it is believed that much of the exsolution 
chalcopyrite blebs was formed during this time. For example, in 
sample R11019 (Plate 3-D) exsolution blebs of chalcopyrite in the 
centre of the sphalerite are finer grained and cloud-like whereas 
they are progressively larger and less cloud-like towards the outer 
margin of the sphalerite grains. This indicates that during the 
diffusion processes, the rate of cooling may have been very 
important. The abundance of randcmly-oriented blebs within 
sphalerite, and their alignment along fractures indicate that seme 
of these exsolution blebs may have formed by replacement of the 
sphalerite. If this is so the generation of exsolution chalcopyrite 
shows that it is a younger form of chalcopyrite than the
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chalcopyrite of Stage 2, and has no spatial relationship to the 
latter.
Stage 4: In this stage, the harder and more brittle minerals, 
such as pyrite and sphalerite were recrystallized. Recrystallization 
promoted the aggregation of pyrite fragments that had been fractured 
at the end of Stage 2 and had been penetrated and replaced by 
sphalerite, chalcopyrite and galena during Stage 3. In sore samples, 
recrystallization of fine-grained euhedral pyrite at grain 
boundaries of Stage 2 sphalerite and galena is common (see Plate 
3-F). Other forms of this recrystallized pyrite is the interstitial 
pyrite. In a few cases in Stage 4, sphalerite replaced the chalco­
pyrite and deformed galena formed in Stage 2.
Stage 5: During this stage, oxidation and supergene enrichment, 
which is only poorly developed throughout the area, occurred. Seme 
of the magnetite, which probably formed during Stage 3, is locally 
oxidized to hematite. Minor bomite, chalcocite and covellite are 
commonly associated with chalcopyrite and represent the secondary 
products of near-surface alteration. The above processes and the 
crystallization of sulphides in the open space (vein type) 
mineralization is similar to that described by Park and MacDiarmid 
(1970).
The generalized paragenetic sequences of the sulphide 
minerals in Gunung Limbung is summarized in Figure IV-11. The 
sequence of the sulphide minerals as described above shew little or 
no variation throughout Gunung Limbung area. This uniform style of 
mineralization is interpreted as indicating penecontemporaneous 
stages of mineralization throughout the area.
M IN E R A L S STA G E  1 S T A G E  2 S T A G E  3 S T A G E  4 S TA G E  5
Q U A R T Z — . ........... ... . -  -
PYRITE -  — —
S P H A L E R IT E — -------- --------- —
M A G N E T IT E —
- .
C H A L C O P Y R IT E --------------- — m tm
G A L E N A —  —
BORNITE —
C H A L C O C IT E —
C O V E LL ITE —
H EM ATITE —
Figure IV-11. Generalized five-stages paragenetic sequence
of sulphide minerals in Gunung Limbung area.
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CHAPTER V
GEXXHHVUSTRY OF THE HOST ROCKS AND THE SULPHIDE MINERALS
5.1 Petrology of The Host Rock
The recognition of chemical changes, in addition to
mineralogical changes in host rocks caused by the interaction of the 
host rocks and circulating hydrothermal fluids, has been used to 
assess the degree and/or types of alteration that have occurred 
during, or after, the formation of sulphides. In seme studies, 
elemental data may indicate whether the hydrothermal fluids were 
derived iron the host rocks or derived frcm elsewhere although fluid 
inclusion and other studies are probably more useful in determining 
the origin of fluids.
As stated earlier, the sulphides in the Gunung Limbung deposits 
are thought to be hosted by intrusive diorite stocks and bosses. 
Earlier studies such as that by Noegroho (1984) indicated that these 
stocks were "andesitic" in composition. In countries where detailed 
geology is lacking for many areas and exploration programmes are 
carried out on minimal budgets, methods for identifying possible 
host rocks are both useful and economical. Various geochemical 
constructions are available to predict the original nature of 
igneous rocks and to shew the evolutionary paths during alteration. 
If one of these methods could be successfully tested in the Gunung 
Limbung area, this would be a tremendous advantage in areas such as 
these where much of the geology is not known in great detail.
Ten samples of host rocks frcm Gunung Limbung were analysed for 
major and selected trace elements. One of the aims of the 
geochemical studies undertaken here was to gain a better 
understanding of the composition of the Gunung Limbung parent host
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rocks as this would, in turn, help in future exploration programmes 
In similar terranes. The method for undertaking this part of the 
study was to take the data for the host rock samples and compare it 
to the published data obtained for fresh samples of andesites and 
the data from less-altered samples from the Gunung Limbung area. As 
many of the host rocks had been altered by varying degrees as is 
indicated by the rearrangement of the primary rock-forming minerals 
to secondary minerals, a second aim was to attempt to determine the 
types of alteration and the distribution of the alteration.
Whitford (1975a) reported that the rocks frcm Gunung Salak and 
Danau Complex, both located in West Java, have similar mineralogical 
and chemical compositions and are typical of the "average” andesite 
frcm a modem island arc (Le Maitre, 1976). It is data for these 
rocks that are used as the fresh, unaltered andesite data.
Table V—1 summarises the major and available minor element data 
for the Gunung Limbung host rocks and Tables V-2 and V-3 summarize 
the composition of representative andesites.
The Harker diagram (also called the differentiation or 
variation diagram) is one construction that is used to shew the 
genetic relationships and the nature of the processes that have 
affected a series of igneous rocks. For the latter, this could only 
be determined if the parent rocks contained similar chemical 
compositions initially.
Chayes (1964) noted that Harker diagrams (especially the Si02 
versus other oxides plot) indicate several processes in addition to 
crystal differentiation and hence are of limited importance in 
depicting crystal fractionation unless used with other data. 
Earlier, Wiltshire (1959) stated that difficulties arise in the
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Table V-l
Chemical analyses of rock samples from Gunung Limbung area
S amp l e  
n um b e r
51 0 8 511 3 5 1 1 3 a 5117 5131 5140 5141 5142 5143 5144
Ma j  o r e l e m e n t  a n a l y s e s ,  i n w e i g h t p e r c e n t •




1 5 . 0 0 1 6 . 1 9 1 6 . 2 0 1 6 . 2 0 1 3 . 6 0 1 7 . 0 0 1 3 . 6 0 1 6 . 3 0 1 7 . 7 9 1 6 . 6 1
f ®2°3 4 . 4 6 4 . 4 1 4.  22 5 . 0 0 4 . 7 2 9 . 8 5 8 . 4 6 5 . 1 2 1 .4 9 2 . 4 7
C o O 2 . 0 5 0 . 7 6 1 .6 9 4 . 4 5 2 . 4 8 1 . 9 0 0 . 5 8 0 . 7 1 0 . 6 2 0 . 0 7
M g O 1 .6 5 1 . 5 4 1 .5 4 2 . 3 5 1 .7 0 3 . 6 9 1 . 6 0 2 . 2 5 0 . 2 5 0 .  13
N o 2 0 2 . 0 1 4 . 7 4 4.  13 3.  15 2 . 8 8 1. 18 0 . 9 9 0 . 9 4 0 .  15 0 .  11
oCM
*
6 . 2 3 1. 74 4 . 9 2 3 . 5 2 4.  12 6 . 6 9 8 . 3 7 8 . 6 2 8 . 4 1 6 . 5 3
t i 2 o 0 . 3 4 0 . 5 8 0 . 3 6 0 . 4 6 0 . 4 2 0 . 8 8 0 . 3 7 0 . 4 7 0 . 4 6 0 . 5 6
Mn 0 0 . 4 0 0 . 2 9 0 . 3 4 0 . 3 0 0 . 8 1 0 . 6 3 0 . 3 2 0 . 4 8 0 . 1 0 . 1
s o 3 1 .6 9 0 . 5 9 0 . 4 7 0 . 2 3 2 .  17 1.  11 6 .  19 2 . 1 1 1 .6 7 4 . 4 0
P 2 ° 8 0 . 1 7 5 0 .  10 0 .  192 0 . 1 9 9 0 .  143 0 . 1 8 4 0 . 2 3 7 0 .  183 0 .  16 0 . 2 1
oCM
X
0 . 4 1 - 0 . 2 3 0 . 6 3 0 . 5 0 0 . 7 5 0 . 3 4 0 . 2 3 - -
L . O .  I 2 . 4 2 2 . 2 9 1 . 7 0 3 .  12 1 .9 7 3 . 0 3 3 . 4 1 3.  18 4 . 6 7 3 .0 5
T o t a l 1 0 1 . 4 0 9 9 . 4 0 1 0 0 .0 1 0 0 .9 1 0 0 .3 1 0 1 . 9 1 0 1 . 6 102 .  1 1 0 1 . 2 9 9 . 9 9
T r  a c e e l e m e n t  a n a l y s e s ,  i n p a r t s  p e r  m i l l i o n
Ba 1400 140 1100 640 820 1800 2300 1200 1555 740
As 13 - 3 3 3 3 35 3 - -
B i 10 - 10 10 10 10 10 10 - -
Hf 3 - 3 3 3 3 3 3 - -
La 20 20 10 20 17 10 14 10 25 25
Ho 3 10 5 5 3 3 3 4 10 10
Nb 10 - 11 13 9 7 11 13 - -
Nb/Y 0 . 5 - 0 . 6 8 7 0 .  764 0 . 6 0 . 3 8 0 . 5 7 8 0 . 9 3 - -
P 800 540 920 860 740 810 1030 850 880 1110
?b 260 50 16 25 3900 5 6 200 3 140 4325
Rb 1G0 - 12C 95 1 10 180 180 240 - -
S 4800 2380 1310 570 7100 3090 1940 560 5890 16000
Se 3 - 5 3 3 3 3 3 - -
Sn 10 - 10 10 10 10 10 10 - -
Sr 310 - 290 410 280 340 240 300 - -
T i 3200 3705 2900 3600 2700 5300 3300 4400 2745 3300
Th 9 - 12 12 12 9 13 16 - -
T l 10 - 10 10 15 10 10 10 - -
U 3 - 3 3 3 3 3 3 - -
V 50 - 55 90 55 190 70 75 - -
w 10 - 10 10 10 10 15 10 - -
Y 20 19 16 17 15 18 19 14 19 10
Z r 140 45 160 140 140 110 140 140 25 25
Be - 2 - - - - - - 2 2
S c - 15 - - - - - - 5 5
Cr - 55 - - - - - - 55 85
Co - 5 - - - - - - 5 10
N i - 20 - - - - - - 20 20
Ag - 5 - - - - - - 5 5
Cd - 5 - - - - - - 5 5
Yb - 2 - - - - - - 2 1
Cu _ 5 - - - - - - 370 595
Zn - 115 - - - - - - 515 340




Number 1 2 3 4 5 6
Major element analyses, in weight percent.
Si02 58.90 57.94 58.90 62.30 59.60 59.80
M 2°3 16.47 17.02 17.47 16.72 17.33 18.20
Fe2°3 2.89 3.27 - - - -
FeO 4.04 4.04 7.50+ 5.95+ 7.00+ 7.00+
CaO 6.14 6.79 6.98 5.27 6.70 5.60
MgO 3.57 3.33 3.16 2.31 3.25 3.40
Na2° 3.46 3.48 3.70 3.77 3.22 3.30
k 2o 2.10 1.62 1.11 2.71 1.82 1.76
Ti02 0.76 0.87 0.83 0.76 0.80 0.67
MnO 0.12 0.14 0.13 0.12 0.14 0.13
P2°5 - 0.21 0.22 0.17 0.12 0.11
h 2°- - 0.34 - - - -
h 2o+ - 0.83 - - - -
°°2 - 0.05 - - - -
Loss - - 0.95* 0.17* 1.22* 1.75*
Total 99.99 99.05 100.95 100.25 101.20 101.72
* uncorrected for Fe oxidation.
FeO1 2345- = Total Fe
Trace element analyses, in parts per million•
Sr _ — 364 294 265 235
Y - - 35 43 30 30
Zr - - 132 223 142 132
References :
1. Noegroho (1980)
2. Le Maitre (1976)
3. Whitford (1975a) , Danau Complex (71-1052)
4. ,, , Danau Complex (71-1051)
5 . ,, , Gunung Salak (71-1044)
f Gunung Salak (71-1043)6 / /
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Table V-3
Average major and trace element abundances in calc-alkaline 
andesite (Taylor, 1966; 1968; Jakes, 1972).















Ba 270 180 - 400
As - -
Bi - -
Hf 2.3 1.3 - 3.0
La 11.9 7.8 - 27
Mo 1.1 0.58 - 1.6
Nb 4.3 2.6 - 5.6
N b A 0.20 0.15 - 0.22
P 175 175 -
Pb 6.7 2 - 1 1
Rb 31 19 - 44
S - • -
Se - -
Sn 0.8 0.44 - 1.4
Sr 395 215 - 570
Ti% 0.42 0.33 -
lb 2.2 1.0 - 4.7
Tl 0.2 Nd - 0.5
U 0.69 0.38 - 1.4
V 175 95 - 245
W - -
Y 21 17 - 25
Zr 110 90 - 170
Be - -
Sc 30 1 5 - 3 4
Cr 56 19 - 100
03 24 13 - 32
Ni 18 5 - 3 8
Ag 0.13 0.05 - 0.25
Od 1.32 1.32 -
Yb 2.2 1.90 -
Cu 54 25 - 150
Zn - -
Rb/Sr 0.08 0.08 - 0.09
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interpretation of Harker diagrams because changes caused by 
alteration, parallel changes produced by magmatic differentiation.
Despite these limitations, it was decided to use the Harker 
diagram in this study, in order to show the scatter of the data 
points in the hope that trends may be forthcoming. The patterns of 
the data plot should not be influenced by the depth at which the 
rocks are formed, that is, whether they are plutonic or volcanic 
rocks since the data for the samples should plot according to 
composition rather than grain size or texture. A second reason for 
using the Harker diagram ^ that the distribution of elements plotted 
as a function of SiO^ content kz shown. Any enrichment in one or 
more elements, associated with quartz, might show in the distrib­
utions of the elements.
5.1.1 Major Elements
The major element data for the host rocks and the
representative andesites, shewn in Tables V-l and V-2, are
illustrated on Harker diagrams in Figure V-l.
The important features of the major element geochemistry of the 
host rocks include:
i. generally low TiO^ values (<1%);
ii. a wide range of Na20 values (0.11% to 4.74%);
iii. relatively low CaO and MgO values;
iv. high MnO values;
v. very high K20 values (except sample 5113a, which has a 
content of 1.74% which is similar to that of an average 
modem island arc andesite (Ewart, 1976a)); and,
vi. relatively high SiC>2 values although there is a considerable 
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Ratio of alkali elements for volcanic rocks in Gunung 
Limbung ( • ) , in comparison with volcanic (published 
data) from Whitford (1975a), Le Maitre (1976), and 
Noegroho (1980).
A. Si02 (Wt%) versus K20 : Na20, showing a narrow range 
of values for the published data and a large spread 
of values for the study samples.
B. K20 - CaO - Na20 diagram, showing the trend of K20 in 
the study samples.
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Island arc andesites have the following characteristics :
i. relatively high Ca and Mg values;
ii. relatively low I^O values; and,
iii. relatively lew SiC>2 values.
A comparison of the two sets of data shew that there are two 
quite different data sets - one for the andesites and one for the 
host rocks from Gunung Limbung. For example SiC>2 data for the 
andesites fall between 57.9 and 62.3% whereas for the host rocks the 
values fall between 55.1 and 65.75. Thus the Si02 data for the host 
rocks has a much wider spread than the data for the andesites. It 
should be noted that one fresh "andesite” iron the Gunung Limbung 
area (locality unknown) and collected by the Aneka Tambang Company, 
plotted with the other andesites.
The differences in the two sets of data could be attributed to 
several factors, the two most-likely being:
i. the host rocks were derived from a vastly different parent 
magma to the typical andesites and consequently the chemical 
properties of the two sets of rocks are, and should be, 
different; or,
ii. the host rocks were derived from andesitic magmas and have 
since undergone significant alteration which has resulted a 
dramatic change in the elemental composition.
In the differentiation diagrams (Harker Diagrams) where major 
elements are plotted against Si02, most of the elements in the study 
rocks have a scattered distribution. Such a distribution would 
support either of the above hypotheses. However, it is most probable 
that given the chemical data above, and the petrographic data in 
Chapter 4, the second hypothesis is the more likely.
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In many studies, the relative proportions or ratios of selected 
elements in the suite of samples have been used to indicate the 
original composition of igneous rocks. Among the maj or elements, Ti 
is one element for which the values appear to change little during 
alteration (Cann, 1970) and therefore TiC>2 has been used to 
determine the composition of parent rock. Most orogenic andesites 
normally contain 0.8% to 1.0% TiC>2; the lowest recorded level is 
0.3% Ti02 and this was in basalts and basic andesites (Ewart:, 
1976b). The average TiC>2 value for andesites is 1.05% (Table V-3). 
The Ti02 values for the Danau Complex, Gunung Salak and Gunung 
Lumbung (Aneka Tambang Company data for the latter) are similar to 
the values for orogenic andesites but are higher than the average 
TiC>2 values for the Gunung Limbung host rock samples (0.39%). Only 
one study sample (5140) contains a Ti02 value (0.88%) that is within 
the normally-accepted orogenic- andesite Ti02 range. This sample has 
an Si02 content of 55.1%. Given that most Ti02 data are lower than 
normally expected, the data do not appear to present convincing 
evidence that the host rocks are of island arc andesitic 
composition.
However, it was noted by Gill (1981) that Ti02 consistently 
decreases with increasing Si02 in calc-alkaline andesites. 
Accepting that the host rocks are altered and that the SiC>2 values 
are probably higher than normal, thus requiring a slight upward 
adjustment of the TiC>2 values to compensate in order to give 
realistic values for unaltered rocks, it is possible, although not 
convincing shown, that the host rocks could be derived from 
andesitic magmas. The best evidence remains the petrographic data.
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The values of (16% to 18% range for the host rocks) and. 
^2 ^ 5 (0*05% to 0.30% range) are within the range for orogenic 
andesites. These elements are not usually used to determine rock 
parentage as the abundances of these elements appear to have a wide 
range for many rock types. Two host rocks, Samples 5131 and 5141, 
contain much lower Al^O^ values than the other samples. Both 
samples are from near the top the respective holes. Sample 5141 has 
very high total FeO (which may be associated with iron-enrichment 
due to weathering as the sample is iron near the top of the hole) 
and very high I^O. The values of these oxides for Sample 5131 are 
similar to those of other samples.
Of the major element data for the host rocks, those that are 
strikingly different to corresponding data for andesites, are the 
CaO, Na20, Si02 and K^O data. The CaO and Na20 values for the host 
rocks are much lower than the reported average values of andesites 
(Table V-l) . The range of CaO values for the former is 0.07 to 4.45% 
with a mean value of approximately 1.5%. The mean CaO value for 
andesites is approximately 6% (Tables V-2 and V-3). This difference 
in values is clearly seen in Figure V-l. A similar trend is 
apparent for Na20 values where the range for the host rocks is 0.15 
to 4.74% (mean of 2.0%) whereas the range for andesites is 3.22 to 
3.57% with a mean of 3.5% (Table V-2) to 4.4% (Table V-3). Although 
the mean Na90 value for the host rocks is much lower, two samples 
have values which are larger than the highest values for the 
andesites. These samples, Samples 5113 and 5113a, were taken from 
the upper part of drill hole CBK 33. Thin section point count data 
show high feldspar (both phenocryst and matrix feldspar), matrix- 
quartz and chlorite values. The feldspars appear to have only
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partially altered although many of the phenocrysts have conspicuous 
zoning and many have albite rims. The above average Na20 values may 
be related to an abnormally high albite content.
With the decrease in CaO and Na20 values for the host rocks, 
there is a corresponding increase in the Si02, K^O, MgO and FeO 
values as shown in Figure V-l. The CaO-SiC>2 trend follow the trend 
of the published andesite data plots which also shew a negative 
correlation between the two. Hcwever, the relative decrease in CaO 
for the host rocks appears to be much greater than corresponding 
decreases for published andesite data. These differences can be 
attributed to alteration effects which are discussed in Section 5.3.
The K^O values for the host rocks are much larger than the 
corresponding values for the andesites. The range of values for the 
former is 1.74 to 8.625 (moan of 5.9%) compared to a range of 1.11 
to 2.71%, mean of 1.85% for the values given in Table V-2 or 2.04% 
(Table V-3), for the andesites. Only one sample, Sample 5113, has a 
10,0 value within the andesite range. (Sample 5113 also had an N a ^  
value within the andesite range.) The relatively fresh feldspars, 
with albite rims, could also be the reason for the abnormally lew 
1^0 value.
Figure V-2 shows a I^O-CaO-Na^ diagram for the host rocks and 
andesites. Apart frem one sample, Sample 5113, which plots closer to 
the Na20 apex than any other sample, the plot shews an arcuate trend 
ranging fran very lew IC^O-high CaO values, relating to the 
andesites, to very high i^O-very lew CaO values, relating to seme of 
the host rocks. Even if the andesite data is othitfec/. the arcuate 
trend is very apparent. This is interpreted as indicating the 
pathway or the progressive increase in the addition of potassium,
Figure V-3
Diagram illustrating the subalkaline composition of 
the volcanic rocks (andesites) in Gunung Limbung. 
The dashed line is the dividing line for alkaline 
and subalkaline rocks as proposed by Irvine and 
Baragar (1971).
Figure V-4
A (Na20 + K20) - F (FeO + 0.8998 Fe2C>3) M (MgO) . Plots 
in Wt%.
In both diagrams, plots of study samples and published 
data are indicated by different symbol. ■  - volcanic 
rock data from Danau Complex and Gunung Salak,
(Whitford, 1975a). - Average major oxides
composition of andesite from Asia, (Le Maitre, 197 6) .
O - Data of major oxides of andesites from Gunung 
Limbung, (Noegroho, 1980). • - Study samples.
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and a corresponding decrease in the Ca, and to a lesser extent 
sodium levels, during increasing severity of alteration.
The SiC^ values are much higher in the host rocks than those of 
the andesite. The range of values for the host rocks lies between 
55.12 and 66.17% (mean of 62.7%) whereas the range for the andesites 
lies between 57.94 and 62.3 (mean of 59.6% frcm Tables V-2 and V-3). 
Samples 5140 and 5141 have SiC^ values which are below the range for 
the andesites. These data, together with sore of the other major 
element data (for example the very lew Al^O^ data for Sample 5141)
suggest that these samples may be atypical. Several of the host 
rocks samples contain xenoliths which were obviously derived frcm 
seme of the sedimentary rocks which the diorites are known to 
intrude. If sore of the xenolith material was included in the 
sample analysed this could lead to atypical results.
Notwithstanding one or two apparently anomalous results, the 
host rocks generally have abnormally high SiC>2 and I^O values and 
abnormally low Na2 and CaO values. These results could indicate 
that the host rocks were not derived frcm igneous rocks of andesitic 
character. However, when other non-geochemical data are taken into 
account this interpretation is less likely than an interpretation 
which attributes the anomalous values to alteration of 
andesitic-dioritic parent rocks (Section 5.3); in other words the 
geochemical data give the same story as the petrographic data.
As illustrated on the alkali oxides versus silica plot (Figure
V-3) all samples lie within the sub-alkaline field and all have 
calc-alkaline compositions as shewn on the FMA diagram (Figure V-4).
Normally andesites with relatively high A^O^ occur ■̂n Iine<̂-LUm- ̂  




Salak and Gunung Limbung. As with the Harker diagrams, these
diagrams must be interpreted with care, especially if the sanples 
have been altered.
5.1.2 Trace Elements
Ten sanples of the host rock frcm Gunung Limbung were analysed 
for thirty two rare earth and trace elements. These analytical data 
for the ten samples are given, in parts per million (ppm), in Table 
V-l. Only sparse trace element data are available for the andesites. 
Trace element data for igneous rocks is sometimes grouped into 5 
groups based on cation size, element type and association with other 
elements. These groups, which are useful for comparing the data are 
listed below:
i. The larger cations (potassium-type) group: Ca, Rb,
Ba, Pb, and Sr;
ii. The rare earth element group: La, Yb and Y;
iii. The large, highly charged cation (zircon-type) 
group: Th, U, Zr, Hf, Sn, Nb, Ti, and Mo;
iv. The ferro-magnesian element group: Ni, Sc, V and 
Cr;
v. The small cation (silicon-type) group: P; and,
vi. The chalcophile elenent group: Tl, Ag, Cd, Cu, As,
Zn, W and Bi.
As previously indicated, the host rocks of the Gunung Limbung 
area have been interpreted as related to calc-alkaline andesites 
which typically occur in orogenic regions. When trace element data 
(Table V-l) for these sanples is compared to the average trace 
element compositions of calc-alkaline andesite in Table V-3 (frcm 
Taylor, 1966; 1968; 1969 and Jakes, 1972), and a published element
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compositions of andesites from the Danau Coiplex and Gunung Salak 
(see Table V-2) a number of differences are apparent.
As might be expected for any sample population where there are 
a number of differences between two subgroups of the population, as 
for example between the host rocks and the andesites in this study, 
the ranges of the values for the two subgroups do not overlap. With 
regard to the large-cation, potassium group elements Ca is much 
lower for the host rocks as has already been discussed. The Sr 
values for the host rock are also much lower than for the andesites 
(means of 252 ppm and 385 ppm respectively). On the other hand the 
values for Rb (means of (host rocks first) 341 and 155), Pb (means 
of 1242 ppm and 7 ppm) and Ba (means of 1170 ppm and 270 ppm) are 
higher in the host rocks. Because of the relative differences in 
the respective values for the two populations, the Rb:Sr ratio is 
much higher for the host rocks (0.51 for the host rocks compared to 
0.08).
The lower Sr values for the host rocks may be related to the 
alteration. Sr commonly substitutes for Ca in many minerals. It 
was previously established that the Ca values were lower in the host 
rocks than in the andesites and this was probably related to 
alteration effects. Given the similarity in behaviour of Ca and Sr 
it is likely that any process that removes Ca would also remove Sr 
and therefore the lower Sr values in the host rocks can be 
attributed to alteration processes.
An Interpretation of the degree of alteration in plutonic rocks 
using Rb/Sr ratios has been demonstrated by several workers, 
including Nockolds and Allen (1953), Taylor (1966), and Plimer and 
Elliot (1979) .As Rb is incorporated in K-minerals and Sr in Ca-
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minerals, the Rb/Sr ratios should show an increase in K or loss of 
Ca during hydrothermal alteration (silicification, sericitization# 
chloritization). Plimer and Elliot (1979) noted that both' Rb and Sr 
have a greater sensitivity to hydrothermal processes than K and Ca 
and it is believed that the above relationship between the Rb/Sr 
and alteration, is illustrated in the sequence of rocks 
studied here. For example, samples 5141 (CKL 1) and 5142 (CBK 16, 
see Fig 1-2) were all located close to ore veins with Samples 5143 
and 5144 even closer (Fig. Ill—1 and Table V—1). These samples show 
Rb/Sr ratios that are higher than in samples 5113, 5117 and 5131
(which were more distant frcm the ore veins). Therefore it is 
suggested the Rb/Sr ratio increases towards the sulphide zone as a 
result of the increasing intensity of alteration of the host rocks 
in the Gunung Limbung area just as reported elsewhere.
Pb concentrations shew a wide range of values (5 to 4825 ppn) 
and to take the arithmetic mean of all samples analysed is 
misleading. Three samples, Samples 5131, 5143 and 5144 were taken
frcm near small sulphide zones, and although not of sufficiently 
high grade to be classed as ore, they did contain small sulphide 
veins. Thus the very high Pb values are directly related to 
mineralization. If these three values are ignored the mean Pb value 
is 800 ppm which is still anomalously higher than the mean for 
andesites (6 ppn with a range of 2 to 11 ppn).
Ba values are also higher for the host rocks than the andesites 
with most values much in excess of those normally expected (mean 
value for the host rocks of 1170 compared to 270 for the andesites). 
Many styles of mineralization, such as the Kuroko-type deposits, 
contain high Ba values which are often associated with barite.
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Barium, rubidium and lead have similar ionic radii, readily 
substitute for each other and thus it would be expected that seme Ba 
would be found in potassium minerals (Krauskopf, 1967). Thus , in 
sulphide-bearing host rocks the Ba could be associated with the lead 
minerals or could be associated with the potassium minerals of the 
host rocks, especially those formed during the alteration process. 
Either way, the barium probably entered the system via the 
hydrothermal solutions. The occurrence and distribution of Ba is 
one aspect which should be looked at in more detail. If the Ba 
values recorded in this study are a true indication of the Ba levels 
in host rocks of this style of mineralization, whether it is 
associated with the mineralogy and/or alteration of the host rocks 
the sulphide mineralization it would be a useful pathfinder element.
Of the group (ii) elements the data for Lanthanum shows higher 
values in the host rocks (mean of 17 ppm compared to a mean of 12 
ppm in the andesites) whereas the values for Yttrium are similar to 
those of the andesites (means of 17 (host rocks) and 21).
With regard to the group (iii) elements, Th, Sn and Ni values 
are much higher in the host rocks, U and Mo are slightly higher 
whereas Zr and Hf are similar in both sets of rocks.
Of the group (iv) elements, data are only available for 
vanadium. The data show that V is much lower in the host rocks than 
in the andesites.
As discussed earlier in the sect-ion on major elements, the 
values for P are much higher in the host rocks than those in 
andesites. Of the major elements only K, because of the deficiency 
in the host rocks compared to the presumed parent rocks, and P,
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which is generally more abundant in the host rocks are likely to be 
useful as pathfinder elements for exploration haloes.
For group (vi) elements data are only available for T1 and 
these data show that the values are higher in the host rocks.
Hart (1969), Philpotts et al., (1969), Cann (1970) and Hart et 
al*' (1974) indicated that many of the lew valency cations such as 
the alkalis and the alkaline earths are mobile during alteration, 
whereas the higher valency cations, such as Ti, Zr, Nb, Hf, the rare 
earth elements (REE) and Y remain largely unaffected. Winchester and 
Floyd (1977) added Ce, Ga and Sc to that list of immobile elements. 
Consequently as discussed above the large cation elements such as 
Rb, Ba and Pb are mobile during alteration and may be depleted, 
enriched or simply redistributed to a varying degrees during 
alteration. On the other hand, elements such as Ti, Sr, Zr, Nb, Hf, 
the REE and Y appear to be relatively immobile during
post-consolidation alteration and metamorphic processes. With regard 
to the latter elements, the available data indicate that those 
elements normally immobile during alteration have remained immobile 
during alteration in the Gunung Limbung area.
The immobile element content of igneous rocks have been used to
determine rock and magma parentage, for example the Nb/Y and Zr/Ti02 
ratios. A plot of the Zr/Ti02 versus Nb/Y, as devised by Winchester
and Floyd (1977), for the host rocks (Figure V-5) supports the
suggestion that the study rocks were derived iron magma of andesitic
composition of the calc-alkaline type. On this diagram, five of the
seven data points plot within the andesite field. Of the other two
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Figure V-5. Nb/Y versus Zr/Ti02 plot for the Gunung Limbung 
sulphide host rocks. (Field boundaries from 
Winchester and Floyd, 1977).
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dacite field and the second plots in the alkali basalt field but, 
close to the andesite-alkali basalt junction.
In summary, the effect of hydrothermal alteration throughout 
the presumed andesitic-dioritic host rock has been reflected in the 
major and trace element data. Alteration processes were possibly 
independent or could have been penecontemporaneous with the stages 
of formation of the ore/veins. The degree of alteration, in seme 
instances, appears to be more extensive close to ore zones. This is 
indicated by both the elemental data and the abundance of secondary 
minerals (such as sericite, chlorite and clays) that have developed.
5.1.3 Cluster Analysis of Chemical Data
Cluster analysis is a multivariate technique used to recognize 
natural groups of samples (Q-mode analysis) or variables (R-mode 
analysis) in a given population of data (Davis, 1973). The normal 
method of presenting the results of Q and R mode analyses is a 
dendogram, that is, a dendritic network showing the relationships 
between objects and variables respectively. In this study, the 
programme for both analyses was adopted iron a program originally 
written by B.G. Jones (The University of Wollongong).
Cluster analyses of the host rocks was carried out on major 
elements and trace element data separately. This was believed 
necessary because an illustration of Hesp (1973) showed that factors 
responsible for the distribution of trace elements may be quite 
different to those factors which determine the distribution of the 
major elements and the composition of the rocks.
5.1.3.a R-Mode Cluster Analysis
The R-mode cluster analysis (Davis, 1973) was carried out in 
order to investigate the association of the thirty two elements in
116
the host rocks from Gunung Limbung (Table V-l). The resultant 
dendogram was the main product of the computation (Figure V-6). 
However, another useful set of data iron the computation is the 
Pearson Product-Mcment Matrix for trace elements (Table V-4).
There is a striking division of the elements into four groups 
(Groups A, B, C, D) with each group having a similarity coefficient 
of between -0.19 and 0.15. The four main groups are subdivided into 
nine clusters each having a similarity coefficient of between 0.30 
and 1.00. A preliminary review of the cluster analysis suggests 
that seme of the elements are not grouped as expected. For example, 
zinc might be expected to be grouped with the Pb and Cu as seme of 
the host rocks contain small veins of sulphides and in the ores, 
these sulphides invariably occur together although the relative 
abundance of each sulphide depends on the type of ore.
Of significance, Ba and Zn are closely linked in Group A (Fig. 
V-6) and Pb and Cu are closely linked in Group D. One interesting 
feature of the R-mode analysis is that Pb and Zn, which show a close 
association in the sulphides of the Gunung Limbung sulphide 
mineralization, do not retain a close association in the host rock 
samples.
Sore associations are unexpected. For example, the elements 
Ba, Zn, As, W and P are reported to be not generally associated but 
for the Gunung Limbung host rocks, the dendogram shows these 
elements quite strongly linked. The somewhat non-typical distrib­
ution and occurrence of the elements in several of the groups is 
probably related to the significant alteration that the host rocks 
have undergone. As such the trace element distribution and abundance
Table V-4
Pearson Product-Moment Matrix For Trace Element Data.
SAMPLE BA AS BI HF LA MO NB p
BA xxxxxx .7726 .0000 .0000 -.3583 -.4915 -.3505 .4720
AS .7726 xxxxxx .0000 .0000 .1259 -.4360 .0515 .7202
BI .0000 .0000 xxxxxx .0000 .0000 .0000 .0000 .0000
HF .0000 .0000 .0000 xxxxxx .0000 .0000 .0000 .0000
LA ' -.3583 .1259 .0000 .0000 xxxxxx .6961 .1561 .0627
MO -.4915 -.4360 .0000 .0000 .6961 xxxxxx .6639 -.0191
NB -.3505 .0515 .0000 .0000 .1561 .6639 xxxxxx .3922
P .4720 .7202 .0000 .0000 .0627 -.0191 .3922 xxxxxx
PB -.2064 -.2265 .0000 .0000 .6119 .4479 -.3079 .3187
RB .5615 .2323 .0000 .0000 -.5464 -.3637 .0537 .1804
S -.1790 -.2081 .0000 .0000 .4981 .4182 -.2746 .4325
SE -.1714 -.2195 .0000 .0000 -.4233 .5960 .0879 .2880
SN .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
SR .0816 -.5784 .0000 .0000 -.1884 -.3469 .1738 -.3435
TI .1584 -.2225 .0000 .0000 -.5102 -.2526 -.2457 -.1638
TH -.1420 .0459 .0000 .0000 -.3233 .3427 .7262 .3371
TL -.3867 -.2195 .0000 .0000 .2458 -.3311 -.3224 -.5559
U .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
V .3107 -.2174 .0000 .0000 -.3879 -.1891 -.5373 -.1380
W .7515 .9510 .0000 .0000 -.0410 -.3311 -.0879 -.8037
Y .3470 .6016 .0000 .0000 -.0600 -.2111 -.3231 -.4783
ZR .2749 .0567 .0000 .0000 -.7172 -.9076 .6130 .0005
BE .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
SC -.8190 .0000 .0000 .0000 -1.0000 .0000 .0000 -.9161
CR -.0874 .0000 .0000 .0000 .5000 .0000 .0000 .8053
CO -.0874 .0000 .0000 .0000 .5000 .0000 .0000 .8053
Ni .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
AG .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
CD .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
YB .0874 .0000 .0000 .0000 -.5000 .0000 .0000 -.8053
Cu .5tl5 .0000 .0000 .0000 .9259 .0000 .0000 .9997
ZN .9873 .0000 .0000 .0000 .8998 .0000 .0000 .6493
95% level of significance 
99% .......
Note
PB RB s SE
-.2064 .5615 -.1790 -.1714
-.2265 .2323 -.2081 -.2195
.0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000
.6119 -.5464 .4981 -.4233
.4479 -.3637 .4182 .5960
-.3079 .0537 -.2746 .0879
.3187 .1804 .4325 .2890
xxxxxx -.3624 .8535 -.1874
-.3624 xxxxxx -.3084 -.3051
.8535 .3084 xxxxxx -.3973
-.1874 -.3051 -.3973 xxxxxx
.0000 .0000 .0000 .0000
-.4826 -.3570 -.6761 -.1647
-.4677 .5948 -.1706 -.3493
.0307 .3760 .1189 .0261
.9974 -.3923 .6592 -.1667
.0000 .0000 .0000 .0000
-.2866 .2238 -.2017 -.2573
-.1904 .2180 -.2823 -.1667
-.5980 -.0610 -.7470 -.2041
-.5510 -.3264 -.5505 .6455
.0000 .0000 .0000 .0000
-.9338 .0000 -.6993 .0000
.7767 .0000 .9687 .0000
.7767 .0000 .9687 .0000
.0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000
.7767 .0000 .9687 .0000
.9998 .0000 .9175 .0000
.6841 .0000 .3173 .0000
SN SR TI TH
.0000 .0816 .1584 -.1420
.0000 -.5784 -.2225 .0459
.0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000
.0000 -.1884 -.5102 -.3233
.0000 -.3469 -.2526 .3427
.0000 .1738 -.2457 .7262
.0000 -.3435 -.1638 .3371
.0000 -.4826 -.4677 .0307
.0000 -.3570 .5948 .3760
.0000 -.6761 -.1706 .1189
.0000 -.1647 -.3493 .0261
xxxxxx .0000 .0000 .0000
.0000 xxxxxx .2208 -.2583
.0000 .2208 xxxxxx -.0730
.0000 -.2583 -.0730 xxxxxx
.0000 -.2471 -.4452 .0261
.0000 .0000 .0000 .0000
.0000 .4005 .8783 -.3762
.0000 -.5765 -.1675 .2091
.0000 .5192 .0156 -.7042
.0000 .3895 .0760 .4184
.0000 .0000 .0000 .0000
.0000 .0640 .8176 .0000
.0000 .8963 .0898 .0000
.0000 .8963 .0898 .0000
.0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000
.0000 .8963 -.0898 .0000
.0000 -.4363 -.5394 .0000
.0000 .3779 -.9869 .0000
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Table V-3 (Cont.)
SAMPLE TL u V w Y ZR BE SC
BA -.3867 .0000 .3107 .7515 .3470 .2749 .0000 -.8190
AS -.2195 .0000 -.2174 .9510 .6016 .0667 .0000 .0000
BI .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
HF .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
LA .2458 .0000 -.3879 -.0410 -.0600 -.7172 .0000 -1.0000
MO -.3311 .0000 -.1891 -.3311 -.2111 -.9076 .0000 .0000
NB -.3224 .0000 -.5373 .0879 -.3231 .6130 .0000 .0000
P -.5559 .0000 - .1380 .8037 -.4783 .0005 .0000 -.9161
PB .9974 .0000 -.2866 -.1904 -.5980 -.5510 .0000 -.9338
RB -.3923 .0000 .2238 .2108 -.0610 -.3264 .0000 .0000
S .6592 .0000 -.2017 -.2823 -.7470 -.5505 .0000 -.6993
SE -.1667 .0000 -.2573 -.1667 -.2041 .6455 .0000 .0000
SN .0000 .0000 .0000 .0000 .0000 .0000 .0000' .0000
SR -.2471 .0000 .4005 -.5765 .5192 .3895 .0000 .0640
TI -.4452 .0000 .8783 -.1575 .0156 .0760 .0000 .8716
TH .0261 .0000 -.3762 .2091 -.7042 .4184 .0000 .0000
TL xxxxxx .0000 -.2573 -.1667 -.4082 .0430 .0000 .0000
U .0000 xxxxxx .0000 .0000 .0000 .0000 .0000 .0000
V -.2573 .0000 xxxxxx -.1222 .1418 -.8753 .0000 .0000
w -.1667 .0000 -.1222 xxxxxx .4082 .0430 .0000 .0000
Y -.4082 .0000 .1418 .4082 xxxxxx .1600 .0000 .5000
ZR .0430 .0000 -.8753 .0430 .1600 xxxxxx .0000 1.0000
BE .0000 .0000 .0000 .0000 .0000 .0000 xxxxxx .0000
SC .0000 .0000 .0000 .0000 .5000 1.0000 .0000 xxxxxx
CR .0000 .0000 .0000 .0000 -1.0000 -.5000 .0000 -.5000
CO .0000 .0000 .0000 .0000 - 1.0000 -.5000 .0000 -.5000
NI .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
AG .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
CD .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
YB .0000 .0000 .0000 .0000 1.0000 .5000 .0000 .5000
CU .0000 .0000 .0000 .0000 -.7901 -.9259 .0000 -.9259
ZN .0000 .0000 .0000 .0000 -.0720 -.8998 .0000 -.8998
*
CR CO NI AG CD YB eu ZN
-.0874 -.0874 .0000 .0000 .0000 .0874 .5415 .9873
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.5000 .5000 .0000 .0000 .0000 -.5000 .9259 .8998
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.8053 .8053 .0000 .0000 .0000 -.8053 .9997 .6493
.7767 .7767 .0000 .0000 .0000 -.7767 .9998 .6841
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.9687 .9687 .0000 .0000 .0000 -.9687 .9175 .3173
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-.8963 -.8963 .0000 .0000 .0000 .8963 -.4363 .3779
.0898 .0898 .0000 .0000 .0000 -.0898 -.5394 -.9869
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
-1.0000 -1.0000 .0000 .0000 .0000 1.0000 -.7901 -.0720
-.5000 -.5000 .0000 .0000 .0000 .5000 -.9259 -.8998
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.5000 .5000 .0000 .0000 .0000 .5000 -.9259 -.8998
xxxxxx 1.0000 .0000 .0000 .0000 -1.0000 .7901 .0720
1.0000 xxxxxx .0000 .0000 .0000 -1.0000 .7901 .0720
.0000 .0000 xxxxxx .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 xxxxxx .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 xxxxxx .0000 .0000 .0000
-1.0000 -1.0000 .0000 .0000 .0000 xxxxxx -.7901 -.0720
.7901 .7901 .0000 .0000 .0000 -.7901 xxxxxx .6682
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Figure V-6. R-mode analyses of selected trace and 
REE elements in host rocks.
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is of limited use in determining the mode of origin of the sulphide 
mineralization.
In clusters 4, 5 and 6, the elements Sr, Y, Yb, Nb, Th, Se, Zr 
and Sc are tightly linked. With the exception of Se, these elements 
are generally closely associated with resistant minerals of plutonic 
or volcanic rocks. Winchester and Floyd (1977) reported that certain 
minor and trace elements, including Zr, Y and Nb are immobile 
(inert) during metamorphism or alteration and vary systematically 
with differentiation in a magma series. It could be suggested that 
the close relationship of these Immobile elements could reflect 
magmatic differentiation of the inferred andesitic body in the 
Gunung Limbung area although a much larger data population is needed 
to verify this.
Clusters 7, 8 and 9 contain the elements La, Mo, Pb, Cu, S, Cr, 
Co, and T1 which are strongly linked and shew a very close 
relationship with chalcophile elements (with the exception of La and 
Cr).
5.1.3.b Q-Mods Cluster Analysis
Q-node cluster analysis searches for similarities between 
samples and classifies the population into natural groups based on 
concentrations of the individual members of the population. The 
resultant dendogram of the ten samples is presented in Figure V-7, 
and the cosine theta matrix for the trace element data is shewn in 
Table V-5.
Q-mode cluster analysis of the thirty two trace elements shews 
that the ten samples from Gunung Limbung can be divided into 2 main 
groups. The first group consists of 7 samples, divided into two 
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Figure V-7. Q-mode analyses of selected trace elements.
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Table V-5
Cosin Theta Matrix For Trace Element Data.
SAMPLE 5108 5113a 5117 5131 5140
- 5108 xxxxxxx .9822 .9865 .9803 .9770
- 5113a .9822 xxxxxxx .9829 .9746 .9647
- 5117 .9865 .9829 xxxxxxx .9750 .9695
- 5131 .9803 .9746 .9750 xxxxxxx .9582
- 5140 .9770 .9647 .9695 .9582 xxxxxxx
- 5141 .9787 .9692 .9640 .9571 .9607
- 5142 .9757 .9773 .9783 .9679 .9708
- 5144 .0576 -.0373 .0213 .0199 .0645
- 5143 .0378 -.0654 .0024 .0154 .0438
- 5113 .0360 -.0640 .0035 -.0175 .0466
Note, _____ 95% level of significance
f !99%
5141 5142 5144 5143 5113
.9787 .9757 .0576 .0378 .0360
.9692 .9773 -.0373 -.0654 -.0640
.9640 .9783 .0213 .0024 .0035
.9571 .9679 .0199 -.0154 -.0175
.9607 .9708 .0645 .0438 .0466
xxxxxxx .9701 -.0289 -.0538 -.0612
.9701 xxxxxxx -.0103 -.0451 -.0411
-.0289 -.0103 xxxxxxx .9760 .9610
-.0538 -.0451 .9760 xxxxxxx .9831
-.0612 -.0411 .9610 .9831 xxxxxxx
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samples. Both groups have high similarity coefficients (ranging frcm 
0.93-1.0).
The reasons for the grouping of the samples is not readily 
apparent. The three samples in Group A shew considerable variation 
in the values for a number of trace elements. For example, Sample 
5131 has a very high Pb value whereas the other two samples have 
values which are quite lew. Similarly there appears to be 
significant variation in the values for Ba and S. The other two 
groups, B and C also appear to have considerable variation in the 
values for the respective elements. One of the main reason for the 
apparent discrepancies may rest with the small number of samples and 
the considerable lack of data for seme elements.
Q-mode cluster analysis based on the major oxides (Figure V-8) 
shews three groups, labelled A, B, C, with each groups having a 
similarity coefficient between 0.19 and 0.62. The strong linkage of 
samples 5143, 5144, 5113 in group B (a similarity coefficient
between 0.93 and 1.0) is consistent with the grouping for the trace 
element data. However it should be noted in this cluster analysis, 
the three samples form a group by themselves whereas when the trace 
element data are used, the samples form a subgroup of part of a 
larger group. Group B samples are all frcm Pasir Patapaan but there 
is no apparent reason why this should be significant.
5.2. Alteration
The host rock samples are potassium-rich and typically have 
I^CkNa^ ratios greater than 7. The published andesite samples have 
a ¥^0:Na2 ratio of less than 1. The increase in I^OiNa^ ratio in 
the host rock samples is due in part to the loss of Na^p, but more 
importantly is also related to a large increase in the K^O content
Similarity Level
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as a result of alteration of primary minerals through the addition 
of sane 1^0 (Figure V-2b) from hydrothermal solutions.
Govett and Whitehead (1974) suggested that the removal of Na90
is a characteristic feature of alteration related to massive
sulphide mineralization. Removal of ^^2^ ^  siso a feature of the
alteration processes in the Gunung Limbung area. When SiO is2
plotted against the K2 0 :Na20 ratio, the published data for andesites 
exhibit a narrow range for ^ 0 : ^ 2 0 , whereas the data for the study 
rocks plot over a broad range for both components (Figure V-2A).
The alteration of feldspar to clay minerals results in a net 
loss of Si. However, in the host rock samples any loss of Si by 
argillitization is readily compensated for by the large increase in 
Si as a result of the introduction of quartz into the veins. This 
suggests that silicification was just as important as a process as 
sericitisation.
Many of the suspected changes in the geochemistry of the host 
rock samples are related to the extensive development of the 
secondary minerals such as quartz, chlorite, sericite and clay 
minerals. The important geochemical changes associated with these 
secondary minerals include:
i. SiC>2 increasing during silicification; and, 
ii. ^ 0  increasing during sericitic alteration and the formation 
of clay minerals; and,
Meyer and Hemley (1967) noted that mineralogical and chemical 
changes, caused by the hot fluids, occur in rocks associated with 
ores as the fluids pass through than. This also appears to be the 
case with the Gunung Limbung deposits.
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In summary, the geochemical data obtained for the host rocks 
supported several of the findings of the petrographic study 
especially those associated with alteration. Whilst these 
geochemical findings are useful, especially when added to the 
findings associated with the mineralized veins, the data were not as 
useful in predicting mineralized zones as had been envisaged. Thus, 
in hind-sight, a more comprehensive suite of samples with a series 
grading from unaltered to altered host rocks frcm localities in 
close proximity to each other, are required to fully explore the 
geochemistry of the Gunung Limbung deposits. Ba, P, and Rb are much 
more abundant in the host rocks than in presumed dioritic-andesitic 
parent rocks and these need further investigation to determine if 
they are useful as pathfinder elements.
The most significant finding of the geochemical study is the 
significant change in the K^OrNa^ ratio. The published data 
Indicate that this ratio for andesitic-dioritic rocks is less than 
1. One could suggest therefore that a K^OiNa^ ratio in altered 
andesitic-dioritic rocks of greater than 1.5 or 2 is probably a 
significant indicator of alteration and if this is associated with 
high Ba values this may indicate mineralization.
5.3 Elemental Analysis of The Sulphide Minerals
Many ore deposits are asssociated with dispersion haloes which 
may be of primary or secondary origin. These haloes commonly 
contain one or more pathfinder elements which are useful as 
exploration targets. Eight samples of massive, quartz-vein and 
breccia ore were selected and analysed for the elements Au, Ag, Zn, 
Cu, Pb, Co and As by X-ray fluorescence analysis. Results are 
presented in Table V-6.
Table V-6













Mas s ive 
Ore
Mas s ive 
Ore
Kumbe r 
E lernents R11012 R11017 R11019 R11023 R11026 R11028 R11054 R11070
Cu 6100 34100 23300 7670 1700 2940 73000 700
Pb 33000 - 370500 - - 103000 13100 530
Zn 104000 1620 230000 10700 293000 130000 176000 43100
Au 2.5 0.08 0.46 0.79 0.54 0.01 0.14 0.36
Ag 86 439 1170 131 196 60 510 5
Cd 500 1.79 29 2.13 47 670 840 230
Co 64 132 10.50 43.60 24.80 30 230 136
As 85 166 293 580 252 820 180 840
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5.3.1 R-Made Cluster Analysis
Eight elemental determinations were examined by the R-mode 
cluster analysis and the results are presented in a dendogram (Fig. 
V-9). The Pearson Product Moment Matrix for sulphide element data 
for these computations are shown in Table v-7.
The dendogram of the R-mode cluster analysis for the various 
elements in the sulphides can be divided into two main groups (shown 
as Groups A and B), with each having similarity coefficients between 
0.37 and 0.89, although one element in each group occurs in a 
subgroup by itself.
Group A which contains Ag, Pb and Zn with Au in a subgroup. The 
close association of Ag with Pb is interesting. In many sulphide 
deposits, the Ag occurs in the galena lattice. Previous mineragraphy 
and the mineragraphy in this study has not recognised any abundance 
of silver minerals although seme assays give quite high values. It 
is probable that in the Gunung Limbung deposits Ag may also occur in 
the galena lattice. Pb and Zn are closely linked, although they 
were not in the host rocks, and this may be related to canmon 
occurrence of galena and sphalerite in the sulphide veins.
The association of Ag and Au is a common feature of many 
hydrothermal deposits.
The linking of Pb and Au needs further investigation as because 
it may give additional information as to the timing of ore mineral 
species in the mineralization. Schwartz (1944) indicated that 
galena normally formed as a late stage mineral in many deposits and 
often at about the tine of introduction of gold.
Similarity Level












Figure V-9. R-mode analyses for sulphides elements.
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Table V-7
Pearson Product-Moment Matrix for Sulphides
Sample Au Ag Cu Pb Zn
Au xxxxxx -.2344 -.3201 -.1652 -.0484
Ag -.2344 xxxxxx .4890 . 8522 .4028
Cu -.3201 .4890 xxxxxx -.0505 . 0773
Pb -.1652 -.8522 -.0505 xxxxxx .7614
Zn -.0484 -.4028 -.0773 .7614 xxxxxx
Cd -.0432 -.2162 .4097 -.6376 . 1243
Co -.2451 -.0570 .7526 -.6645 -.2805
As -.3932 -.4290 -.4951 -. 1443 -.2987













Within group B, elements Cu, Co and Cd are strongly 
clustered/ and have similarity coefficients of between 0.37 and 
0.79.
5.3.2 Minor Elements
With regard to elements other than those constituting the main 
metal species in the ore minerals, both the cluster analysis results 
and the analysis data do not have any readily recognisable trends or 
patterns. This may be in part due to the small number of samples 
which were analysed or it could be related to the distribution 
within the mineral species. The ore samples selected appeared to to 
contain little other than sulphide minerals and quartz. Thus the 
abundances of the elements should not be influenced by the minerals 
formed during alteration, that is, the abundances of the elements 
should reflect aspects of the environment directly associated with 
the precipitation of sulphides.
Au, Ag, Cd, Co and As are sometimes diagnostic pathfinder 
elements in sulphide deposits and it was for this reason that these 
elements were selected. However, the values of these elements do 
not appear to be related to one another or to Cu, Zn and Pb. For 
example, Cd and Co are most abundant in Sample R11054 but in other 
sanples either the Cd or Co value is high but the other is not.
Arsenic is most abundant in the massive and vein ores that are 
rich in sphalerite and values of greater than 800 ppm were obtained. 
One sample of breccia ore (R11023) also has a very high concen­
tration of arsenic. Arsenic is commonly found as a substitution 
element in pyrite in which case the pyrite is usually anisotropic. 
The ore sanples analysed in this study all contain relatively large 
amounts of pyrite (up to 42%) and much of this is anisotropic. Thus
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the arsenic could, occur in the pyrite. However, for the same samples 
analysed there appears to be no relationship between the arsenic 
values and the pyrite suggesting (assuming the samples are 
representative for the deposit as a whole) that either the 
arsenic—pyrite association is non-linear, or more likely, arsenic 
occurs in pyrite but is also present in one or more other forms.
Fleischer (1955) reported that pyrite and sphalerite frequently 
contain cobalt which may also be in seme forms of chalcopyrite. Thus 
the very high concentrations of cobalt in the breccia and massive 
ores, could be associated with either pyrite or sphalerite or both.
As is the case with arsenic, the cobalt does not appear to shew 
a linear relationship with either the pyrite or the sphalerite or 
the total of both. Microprbbe studies (Section 5.3.3) suggests that 
little Co in incorporated in the sphalerite.
The literature also reports that cadmium, in many cases, is 
associated with sphalerite, and is sometimes found in galena and 
chalcopyrite. Two of the samples (R11028 and R11054) are sphalerite- 
rich and have very high concentrations of cadmium, but other samples 
with high to very high sphalerite contents, do not have high cadmium 
values. Likewise the cadmium values do not appear to be significant­
ly related to either the galena or chalcopyrite. Thus the values of 
cadmium in the Gunung Limbung sphalerite-rich samples are interest­
ing in that they do not follow seme of the commonly expected 
relationships and require further study.
Fleischer (1955) observed that there is a tendency towards high 
cadmium content in the light-coloured bands and less cadmium in the 
dark, iron-rich bands of sphalerite. This could explain seme of the
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sppsrent discrepancies with, cadmium if there were two stages of 
sphalerite formation, reflecting different iron concentrations in 
this mineral or if seme samples contained more iron-rich or 
iron-poor sphalerite than others. Further petrographic work and 
microprobe studies would be required to ascertain if this holds.
In previous studies carried out on the Gunung Limbung ores, 
silver was reported to be commonly present in galena and rarely 
found in sphalerite. Two of the ore samples (R11019 and R11054) show 
very high concentrations of Ag, but both have very different Pb 
concentrations. It is possible that, except for sore Ag possibly 
associated with galena, Ag must be present in the sphalerite 
lattice, at least in sample R11054 as Ag has been reported as an 
impurity in sphalerite previously. The occurrence of Ag does not 
appear to be related to the occurrence of Au.
Sulphide minerals, mainly sphalerite, chalcopyrite and galena, 
are commonly associated with each other and according to Taylor 
(quoted in Large, 1977), the relative abundance of the ore metals in 
hydrothermal solutions is a major factor in determining the order of 
sulphide mineral precipitation. In many gold-bearing sulphide 
deposits the sulphides are important constituents of early 
gold-bearing mineralization. Boyle (1984) reported that in many 
Tertiary gold deposits, the ratio of Au/Ag is less than 1, and the 
average grade of Au (associated with sulphides in vein-type ore, 
stockworks and silicified bodies in fractures, faults, shear zones 
and breccia zones essentially in volcanic terranes) ranges frem 5 
ppm to 20 ppm. However, in the Gunung Limbung samples, the 
concentration of gold is generally low (as indicated by the assay 
values obtained by the Aneka Tambang Company) and highly erratic
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although one sample assayed for this study gave to 2.5 g/tonne. 
Generally the Au/Ag ratio and the concentration of gold are far 
lower than the ratio and range of Au values quoted by Boyle (1984). 
Whilst this type of distribution is easily explained by the nugget 
effect, it does have implications as far as genesis of the deposit 
and metallurgical treatment of the ores are concerned.
The gold distribution suggests that gold is not intimately 
associated with any of the sulphides or silver (Ag). This 
occurrence is similar to the general suggestion of Brooks (1982) who 
indicated that the gold does not always exist as occlusions or 
randan grains cemented to any one of the sulphides but rather the 
metal is bound more intimately to other species such as solid 
solution products.
5.3.3 Sphalerite CCmposition
Sphalerite is one of the most refractory of the sulphide 
minerals (Rlbbie, 1974) and as Barton Toulmin (1966) pointed out, 
the Fe content, under certain circumstances is very sensitive to 
variations in temperature and fugacity of sulphur during the 
formation of sphalerite. Therefore, th <ey mainta ined, the Fe 
content of sphalerite may be useful in indicating the temperature 
and environment during the formation of the sulphides, especially 
sphalerite. It was initially hoped that analysis of the iron 
content of sphalerite in the Gunung Limbung ores might be useful in 
predicting temperature at which these ores were formed. However, a 
review of the literature revealed that this would not be the case.
The usefulness of sphalerite gedbarcmeters in determining the 
deposition of sulphide ores, has been investigated by several 
workers including Barton and Toulmin (1966), Scott and Barnes
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(1971), Scott (1973, 1976) and Hutchison and Scott (1981). These 
authors have shown that between 300° C and 500° C, sphalerite which 
is in equilibrium with pyrite and hexagonal pyrrhotite has a 
composition of 20.7 to 0.6 mol % FeS. This permits the use of 
sphalerite as a geo thermometer between these temperatures. Below 
300 C relationships are less well established, being complicated by 
a phase transition into Fel-xS. Browne and Lovering (1973) suggested 
that the pyrite + sphalerite + pyrrhotite phase boundary between 
200° C and 300° C, shifts to a region of lew FeS sphalerite below 
300° C and thus the constant sphalerite composition of 20.7 to 0.6 
mol% FeS between 300° C and 500° C can not be extrapolated to lower 
temperatures. As noted by Scott (1973), the prerequisites for the 
application of the sphalerite geobaremeters is the presence of the 
sphalerite + pyrite + hexagonal pyrrhotite assemblage, an assemblage 
which unfortun ately is not present in the ores from Gunung Limbung. 
Recently, Hutchison and Scott (1981) also revealed that geobaremetry 
is not reliable in Cu-bearing assemblages and this would have been a 
further limiting factor in relation to the Gunung Limbung ores.
The inhemogenity of natural sphalerite is cannon (for example, 
growth-zoning and botryoidal sphalerite) and has been recognized in 
sphalerite from many localities, particularly those occurrences 
which are believed to have formed at lew to moderate temperatures 
(Williams, 1965). The presence of such growth zoning in sphalerite 
is indicative of delicate equilibrium adjustments (Barton et al., 
1963), or sulphur fugacity fluctuations (Browne and Lovering, 1973).
The Fe, Zn and Cu contents of 11 points in two sphalerite 
samples of massive ore were determined by microprobe analysis (Table 
V~8). The analyses show Fe contents between 2.59 and 8.2 weight




Foint 1 Foint 2. Point 3 Point 4 Point 5 Point 6 Point 7
Cu 5.87 3.82 6.41 1.98 1.61 0.06 0.03
Zn 51.92 55.04 50.58 58.71 59.84 62.72 61. 82
Fe 7.40 6.27 8.22 4.19 3.34 2.59 4.29 Fe
S 34.78 34.82 34.82 35.10 35.17 34.61 33.80
Sb 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.02
Co 0 . 0 0.02 0 . 0 0 . 0 0 . 0 0.01 0.01
Sample number, 11070.
Point 1 Point 2 Point 3 Point 4
Cu 0.06 4.02 10.2 3 1.40
Zn 61. 59 54.28 46.04 56.59
Fe 4.26 6.56 6. 36 7.20 Fe = 6.09
S 34.00 35.08 37. 34 34.73
Sb 0 . 0 0.02 0 . 0 0.04
Co 0.01 0.01 0 . 0 0.02
Note- All points are normalized to 100%.




percent. The average Fe content of the sphalerite grains in both 
samples, however is not greatly different (5.18 wt % and 6.09 wt %). 
The results clearly show an increasing Fe content with darkening 
colour but because the changes shew only minor fluctuations rather 
than significant step-wise changes across the grains, it is likely 
that there was not more than one generation of sphalerite-forming 
solutions. However, the non-constant change in Fe content fran the 
cores to the rims indicates that the Fe equilibrium adjustments 
and/or sulphide fugacity probably fluctuated during crystallization 
of the sphalerite.
The Cu contents of the samples are quite erratic (0.06 to 10.23 
wt %), but usually above the normal value of natural sphalerites. 
The high Cu content of sphalerite at some probe points (see Table 
V-8) is probably due to the presence of chalcopyrite exsolution 
blebs or inclusions under the microbeam.
Cu was reported in nearly all sphalerites analysed (Fleischer, 
1955) with concentrations usually less than one or two wt % (Ribbie, 
1974). Wiggins and Craig (1980) noted that most natural sphalerite 
contains less than 0.5 wt % copper in solid solution. The occurrence 
of chalcopyrite exsolution blebs and lamellae is interpreted as 
indicating that Cu in solid solution was of greater at higher 
pressures and temperatures and exsolution bodies were formed by the 
unmixing in the sphalerite-chalcopyrite system by the phenomenon of 
phase separation in the solid state as described by Fiijii (1970).
The microprobe data show that the sphalerite does not contain 
significant Co or Sb. These data support the X-ray fluorescence
which suggetsed that the Co was probably not Incorporated in 
the sphalerite but occurred in seme other species. However, the data
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are in conflict with the cluster analysis results which shew a 
strong correlation between Cu and Co. This suggest that a much 
larger population of chemical analyses are required before any 





Indonesia is looking to expand its mining and geological base 
in an effort to maximise use of its resources. A number of small 
base metal mines have been known for many years and exploration for 
other deposits has commenced. One of the problems experienced by 
exploration geologists has been the lack of models for known 
deposits. This in turn is the result of limited availability of 
knowledge about existing deposits. One of the reasons for studying 
the Gunung Limbung mineralization was the reported similarity 
between the the Gunung Limbung suite and other Tertiary suites 
elsewhere in Indonesia. If a model could be formulated for the 
Ginung Limbung area, then that model should be applicable to a wide 
area of Indonesia.
The late Miocene host rocks of the Gunung Limbung area are 
porphyritic in texture, with dominantly fine- to medium-grained 
phenocrysts of mainly plagioclase and minor orthoclase, amphibole, 
clinopyroxene and quartz. Except for the alteration that occurs in 
the rocks, the Gunung Limbung host rocks appear to be very similar, 
petrographic ally, to volcanic and intrusive rocks of the Tertiary 
Danau Complex and also the Gunung Salak volcanic rocks as described 
by Whitford (1975a). The latter are also porphyritic and contain 
abundant phenocrysts of plagioclase, ccmonon calcic—clinopyroxene, 
rare orthopyroxene and Fe—Ti oxides. Olivine is almost totally 
absent. The phenocrysts in the latter rocks are usually set in a 
matrix of quartz, feldspars (both orthoclase and plagioclase) and
140
other components which range from partially devitrified glass to 
completely altered clays.
The Danau Complex and Gunung Salak rocks are typical calc- 
alkaline volcanic arc volcanics and intrusives of a type which is 
widespread throughout Indonesia and other parts of Asia and the 
Southwest Pacific. In most cases the igneous rocks are associated 
with thick Tertiary sequences of sandstone, siltstone, shale, 
limestone, pyroclas tics and sometimes coal. As far as 
mineralization is concerned, these arc zones probably represent not 
only areas of volcanicity but upflcw regions of geothermal systems 
which were excellent conduits for the movement of hydrothermal 
solutions associated with the geothermal systems.
Many of these "andesitic" provinces contain gold, gold-silver, 
base metal or base metal-gold mineralization. Thus because terranes 
of this type are widespread and are known to contain mineralization, 
they are an ideal exploration targets. In the recent literature, a 
number of these Tertiary deposits have been described, especially 
those containing gold. Examples include Mt Muro, Central Kalimantan 
(Simmons and Browne, 1988), the Kelian Gold deposit, East Kalimantan 
(Hawke et al, 1988) and mineralization in Bengkulu Province, 
Sumatera (Kavalieris, 1988). Some of the older deposits of 
Peninsular Malaysia, described by Beng (1988), may be of the same 
type.
The Gunung Limbung host rocks have undergone varying degrees of 
alteration although in seme cases the secondary minerals are too 
fine for optical identification. In hand specimen, the rocks are 
generally greyish-green to yellowish-green and seme of the more 
altered specimens are quite mottled, although the primary
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porphyritic texture is still obvious. The alteration products 
consist mostly of sericite, chlorite and clays (kaolinite mostly).
It is the types of alteration and the mineragraphy of the Gunung 
Limbung ores that suggest that t Ae deposits are of hydrothermal 
origin.
Any consideration of the origin of a geothermal deposit should 
consider a number of factors including the nature of the host rocks, 
the styles of alteration, the mineragraphy and the nature of the 
l^drothermal solutions.
6.2. Host Rocks
6.2.1. Origin of the Host Rocks
The role of the host rock in the formation of a sulphide 
deposit is variable ranging from a passive role of host only to a 
more dynamic role whereby the ore minerals are formed directly fran 
the host or are formed by the interaction of the host with others 
entities such as the country rocks or hydrothermal solutions. Where 
a deposit is of hydrothermal origin, the solutions can be derived 
directly from the host rock if it is an igneous rock , and in such 
cases, both the cations and/or anions may be sourced by the host 
rocks or alternatively, the solutions may be derived from another 
source such as percolating meteoric waters. Consequently an 
understanding of the nature and origin of the host rocks is 
important in the early stage of exploration, especially in countries 
where few deposits have been described in detail. In Indonesia many 
areas are still virgin country as regards exploration although the 
last five years has seen a dramatic growth in the understanding of 
both the geology and nature of the mineral deposits.
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The petrography and limited geochemistry of the host rocks 
samples demonstrated beyong doubt that they had undergone alteration 
(Section 6.3) and this clearly makes the task of understanding the 
origin of the host rocks more difficult. One of the aims of the 
study was to attempt to establish the origin of the host rocks 
because the type of andesitic magma frcm which the rocks were 
derived is related to the position of the magma in relation to the 
island arc and subduction zone which in turn influences the 
likelihood of mineralization occurring in the rocks.
However, despite these difficulties, all indications are that 
the host rocks for the Gunung Limbung host rocks are derived frcm 
andesitic magmas of normal island arc associations (Whitford, 1979) 
with calc-alkaline compositions. The only available data for an 
unaltered host rock frcm the Gunung Limbung deposits indicates that 
it has petrographic and geochemical properties similar to the 
calc-alkaline volcanic rocks of the Danau Complex and Gunung Salak 
(Aneka Tambang Company data). The rock types in both these areas are 
predominantly andesites (Whitford, 1975a; Samples 71-1052, 71-1052 
and 71-1044, 71-1043). Rocks of this type are the dominant rock type 
in West Java (Whitford, 1975a) and therefore they present a large 
area to be evaluated for mineral deposits if it can be established 
that the host rocks played an important part in the origin of the 
mineralization.
In terms of seme recent widely-accepted classifications (e.g. 
Gill, 1981) andesites are characterized by 53% to 63% SiC>2. Taylor, 
Carp et al (1969) divided andesites into lcw-Si, low-K (less than 
0.07% K^O) and high-K andesites (more tan 2.5% f^O). However, 
despite these categories and although Gill (1981) stated that silica
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correlates positively and significantly with the index of 
differentiation for andesites, the 1^0 and Si02 values are far too 
high for the Gunung Limbung host rocks examined in this study to be 
grouped as andesites on geochemistry alone. Both Si02 and 1^0 
contents are of little use in establishing the origin of the host 
rock and therefore in identifying the parameters of the unaltered 
host rocks.
More indicative oxides for characteristic island arc andesites 
are high Al^O^ and lew TiO^ (Pearce and Cann, 1973). There are 
exceptional island arc andesites which have lower TiO^ 
concentrations (0.3%) such as the basalts and basic andesites of 
Tafahi Island (Ewart, 1976b) and the western-most andesites of the 
West Bismark Arc (Morgan, 1966). Both have been interpreted as 
products of newly established subduction (Gill, 1981). The Ti09 
content of the host rocks in the study area ranges iron 0.34%-0.88% 
(averaging 0.39%). This relatively low value could be Interpreted as 
a product of intensive basalt fractionation and precipitation of 
clinopyroxene and Fe-Ti oxides. If fractionation had been a process 
in the formation of the host rocks this would influence exploration 
programmes to seek areas where fractionation of andesites had 
occurred.
Previously to the host rocks were believed to have formed by 
fractionation of the parent magmas although rocks with basaltic 
composition have not been found (Aneka Tambang Company data). 
Because of the altered nature of the Gunung Limbung rocks, there is 
no direct evidence to support or oppose the the fractionation model. 
Any conclusions drawn must be by way of comparison with other 
andesites. Taylor, Kaye et al (1969) examined the genetic
144
significance of various elements in andesites and concluded that for 
the rocks they examined, which have very similar major and trace 
elements contents to the fresh Gunung Limbung and other Indonesia 
andesites, fractionation was most unlikely.
Alternative theories which oppose the basaltic fractionation 
for the derivation of andesites include crustal contamination theory 
or the mixing model, the mantle-derived theory and the partial 
fusion of oceanic crust theory. Each of these theories has 
limitations when applied to Gunung Limbung rocks. Petrographic data 
for the host rocks give no evidence for crustal contamination or a 
mixing episode such as would be indicated by the presence of cognate 
mafic xenocrysts and xenoliths.
Because the derivation of andesitic rocks in the Gunung 
Limbung area would be closely related to the subducted slab, the 
theory of partial fusion of oceanic crust has been suggested but as 
with other theories, this one should be examined thoroughly. Gunung 
Limbung is located approximately 175 km above the seismic zone (see 
tectonic map of Hamilton, 1979). Andesites in Java occur within a 
range of seismic depths ranging frcm 130-225 km (Gill, 1981). Most 
of the oceanic crust is of basaltic composition and is suitable as a 
parent material for andesite. In principle, theoretically the parent 
material which occurred beneath the magmatic arc and was associated 
with the subduction zone, could have been derived frcm the slab, the 
mantle wedge or a combination of both. However, Wyllie (1979) has 
noted that the combination of slab and wedge fusion does not occur 
beneath the magmatic arc because the temperature is too lew for 
fusion processes. Published geothermal gradients indicate that 
wedge-only fusion is not possible (e.g. Wyllie, 1979), and is
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therefore even more problematical. Slab-only fusion is unlikely to 
give melts with the composition of orogenic andesites because that 
process also requires a high geothermal gradient. Moreover/ pyroxene 
basic-andesite magma could not occur within the slab except if the 
overlying wedge also melts (Gill, 1981). Consequently an andesite 
composition derived from partial fusion in the study area is 
unlikely to have occurred.
Despite the leak of indisputable evidence it is believed that 
the most favourable theory for the genesis of the inferred calc- 
alkaline andesites in the study area is the basaltic fractionation 
model. This model is supported by indirect evidence, relating to the 
Gunung Limbung rocks, such as the petrography, TiO^ contents and 
relatively lew values of Sr87/Sr86 (0.70465 to 0.70513, Aneka
Tambang Company, unpublished data).
6.2.2. Porosity of the Host Rocks
The mineralized veins occur in the diorites rather than in the 
surrounding sedinentary and pyroclastic country rocks. For the 
mineralization to have occurred in the diorites would have required 
significant porosity prior to mineralization as in all hydrothermal 
deposits ore deposition requires:
i. a source of ore-forming fluids;
ii. channelways for the flew of solutions; and,
iii. space for the deposition of the ores.
In a detailed study of the evolution of fractures in the 
Serrita-Esperanza hydrothermal system Titley et al (1986), after 
reviewing earlier debate on the origin of fractures, suggested the 
following aspects of fracture formation that are applicable to the 
Gunung Limbung deposits:
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i. wall rock shattering is greater than shattering of an 
intrusive body; 
ii. fracturing is episodic;
iii• and veinlet walls are sub-parallel over long distances;
iv * it is unlikely that significant open space evolved immediately 
after the formation of fractures; 
v. open-space filling of veins is uncommon in the veins near the 
periphery of the deposits; and,
vi. the filling of large veins is possibly a diffusion process and 
probably only takes place as space is created during gradual 
thermal contraction.
The above observations are significant because the properties
of the host rocks and ores suggest that sans of these aspects can be
easily recognised in the Gunung Limbung deposits. _ ,^  For example, the
large composite veins clearly shew episodic filling, the veins and
veinlet walls are subparallel over long distances where exposed in
the tunnels, the adjacent sedimentary sequence is strongly jointed
and open-space infilling of the veins is most obvious away iron the
edges of the deposits. Conclusions which can be inferred from the
above observations, are that the host rocks were probably an
integral part of the operating system as the ore bodies were formed.
In addition an important aspect that can be inferred frem the above,
is that mineralization occurred at a relatively early stage during
the volcanic-intrusive phase.
The Importance of the subparallel veins should not be overlooked. 
The parallelism of the veins possibly indicates that the emplacement 
of the diorites may have been structurally related. The Gunung
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Limbung deposits are located in an area characterized by a number of 
strong lineaments which coincide with and are parallel to several 
major faults. Thus the faults may have been a factor controlling 
emplacement.
6.3. Alteration
Although no one aspects of this study is sufficient in its own 
right to prove that the Gunung Limbung deposits are hydrothermal, 
the combination of all evidence leaves little doubt as to a 
hydrothermal origin for the deposits. One of the important aspects 
of the study is the discovery that alteration was a significant and 
an Important process. Although the alteration associated with 
Tertiary sulphide deposits was recognised in the late 1970's by 
Bowen and Gunatilaka (1977) it is only recently that the extent of 
alteration, and the affects it has, have been described in the 
public literature. Recently a number of case studies describing gold 
or gold-sulphide deposits, associated with andesitic-dioritic host 
rocks, have been published and all alteration is a feature of all of 
these. Hawke et al (1988) stated that the alteration associated 
with the Kelian gold deposit was pervasive within the andesite 
bodies and pyroclastics but poorly developed within the adjacent 
sediments. In addition, both propylitic and idyllic alteration 
occurred. Kavalieris (1988) also recognised propylitic alteration, 
forming chlorite and epidote, in the the epithermal deposits of 
Bengkulu Province, Sumatera. Surrounding the Mt Muro deposit, where 
the alteration has been described in more detail, a
quartz-illite-pyrite zone is associated with the ore body and this 
grades outwards into a weak epidote-chlorite-albite- 
magnetite-pyrite-calcite-illite zone.
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An understanding of the type and distribution of alteration may 
be is useful in understanding the origin of the mineralization and 
may provide a useful, and in many cases, larger exploration target 
than the ore veins. In many studies, the exact nature of the fluids 
causing the alteration is determined using techniques such as fluid 
inclusion studies. These techniques were not available to author 
and reliance on more traditional techniques which do give the same 
types of information, was necessary.
The degree of alteration is dependent on a number of factors 
including the temperature and chemistry of the fluids as well as the 
physical properties of the rocks including porosity, density of the 
conduits, such as fractures, and the distance frcm the conduits. 
Also, alteration is partly controlled by the composition of the 
wall rock. Different types of alteration can be produced 
simultaneously (Burnham, 1962). Many wall rocks which show 
distinctive alteration patterns reflecting specific types of wall 
rocks or mineralization. Not all alteration is associated with 
mineralization.
In the Gunung Limbung deposits, development of wall rock 
alteration is most severe near the ore veins, although in sore local 
areas, wall rock alteration is not always spatially related to 
veins. The later types of alteration consist of intensely pyritized 
wall rock, normally associated with quartz vein interfaces, in which 
masses of fine cubic pyrite is present. Mild chloritization and 
sericitization are associated with these pyrite zones in seme cases.
Silicification of wall rocks is easily recognisable in both 
hand specimen, where it is related to quartz veining, and in thin 
section, where not only quartz veins and microveinlets indicate
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silicification, but also by precipitated quartz grains near the 
veins. The quartz veins in the host rocks at Gunung luiribung contain 
quartz and pyrite; this composition is different to that in the 
quartz veins in the Mt Muro deposit Where the veins contain adularia 
and calcite in addition to quartz and pyrite. Simmons and Browne 
(1988) inferred, on the basis of the vein composition, that the 
alteration and mineralization associated with the veining had been 
caused by neutral to alkali fluids. On the basis of the different 
composition of the Gunung Limbung veins, it is suggested that the 
compositions of the vein filling fluids may have been different to 
those at Mt Muro.
In the areas adjacent to the quartz veins on the Gunung Limbung 
host rocks, quartz was probably added directly as pore space 
infillings. The mechanism for this precipitation was probably 
diffusion of the fluids or elements *"'>m «s ±n the fractures, the 
quartz would have been precipitated directly from solution. 
Intensely to moderately silicified zones are normally present in 
much of the quartz ore-bearing zones. Because of the lack of 
closely-spaced samples it is not known to what distance frcm the 
veins the “diffusion" quartz was precipitated. However, Jusuf 
Laleno (1984) described silicification that extended to 
approximately 1.5 m from ore vein.
Secondary quartz can also be formed when leaching of the host 
rocks occur. Constituents of the host rocks are leached, leaving 
behind a higher relative percentage of SiC^ than originally 
contained within the bulk rock. One of the more easily leached 
constituents frcm the host rock is CaO. During initial stages of 
alteration, the glassy groundmass and minerals such as amphibole,
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pyroxene and. placfioclase are attacked and CaO is leached from their 
internal structure leaving behind ghost crystals of the primary 
minerals which are pseudamorphed by secondary minerals. The 
liberated CaO than reacts with CO2 to form calcite. With continued 
alteration, the calcite is removed and the rock depleted of CaO.
There is little doubt that a lot of the quartz in Gunung 
Limbung host rocks was precipitated from hydrothermal fluids but it 
is highly likely that same quartz was also formed by leaching 
because much of the wall rock has been depleted of CaO as indicated 
by the host rock geochemical analyses.
In the Gunung Limgung host rocks, next to silicification, 
propylitic alteration, comprising chloritization and sericitization, 
is the next most prevalent form of alteration. Evans (1987) reported 
that in addition to the above two forms of alteration, 
carbonitization and albitization also occur during propylitization. 
Although there is a small amount of calcite in several samples, 
there is no indication that carbonitization was either widespread 
and significant in the Gunung Limbung ore or host rocks. The only 
evidence for albitization is the occurrence of albite rims around 
plagioclase phenocrysts. It is not possible to be emphatic as to 
when these rims formed and they therefore may pre-date the 
alteration. Both albitization and carbonatization are widespread in 
the Bengkulu Province and Mt Muro mineralizations. Thus although 
many, or nost, Indonesian deposits have associated alteration, the 
style of alteration and the severity of the alteration is not 
constant from one deposit to another.
Chloritization may result from the alteration of mafic minerals 
already present in the host or country rocks, such as araphiboles or
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pyroxenes, or when iron and magnesium is introduced with the 
hydrothermal solutions. The source of the iron and magnesium for the 
chlorite in the Gunung Limbung rocks was probably, at least in part, 
the decomposition of the hornblende and clinopyroxene phenocrysts. 
Because chlorites have a wide range of compositions (Foster 1962), 
chloritization canmonly has a- wide distribution. In the Gunung 
Limbung host rocks and ores, chlorite occurs by itself, or with 
quartz and sericite.
Sericite is dominantly a secondary mineral and has a wide 
distribution in the Gunung Limbung area. Sericitization of minerals 
in the host rock type is characterized by the breakdown of the 
primary orthoclase and plagioclase (the main minerals affected in 
the Gunung Limbung rocks) to form sericite, and the introduction of 
sulphur permits combination with alteration products of iron-bearing 
silicates leading to the formation pyrite. According to Meyer and 
Hemley (1967), sericitic alteration is most closely associated with 
sulphide ores. The widespread distribution of sericite throughout 
the rocks in the Gunung Limbung area shews that sericitization is 
not only associated with the veins but also occurred in the host 
rocks seme distance from the veins.
One of the differences between the alteration associated with 
the Gunung Limbung deposit and many other deposits is that in the 
former the distinctive zonation commonly seen around ore bodies was 
not detected. For example, Lowell and Guilbert (1970) recognised 
four alteration zones around porphyry copper deposits and other 
authors have recognised the same or similar zonation around 
hydrothermal deposits. The Kids ton (Queensland) gold deposit has 
distinctive potassic, propylitic and phyllic alteration (Baker and
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Andrew, 1988) and the Mt Muro deposit has a quartz-iilite-pyrite 
alteration zone which grades into a weaker alteration zone with 
abundant epidote and chlorite amongst other minerals.
Part of the reason for not recognising the zones in the Gunung 
Limbung area may rest with the sample population which did not give 
a very dense coverage in any hole or tunnel. However, given that 
XRD studies show that several samples contain minerals charact­
eristic of both argillic and propylitic alteration this indicates 
that both forms of alteration probably occurred. There has been 
sane debate as to whether different types of alteration can occur 
simultaneously within the same rock or not. Heald et al (1982), in 
discussing acid-sulphate versus adularia-sericite alteration stated 
that the poor definition of alteration patterns is in part due to 
overprinting by hydrothermal systems of different time periods, the 
overlap of assemblages and and the metastability of certain phases. 
Quartz-filled veins in the ores of Gunung Limbung clearly indicate 
at least three phases of quartz-pyrite precipitation which could 
indicate nore than one invasion of the host rocks with hydrothermal 
solutions and have possibly more than one phase of alteration.
Taylor and Fryer (1982) also commented on overprinting of 
potassic alteration by propylitic and phyllic alteration. In this 
case, the transition frcm one style of alteration to another was 
associated with decreasing temperatures and pH and changing 
fluid:rock ratios. One major difference between the Gunung Limbung 
alteration and those cited above is that the differences in the 
temperatures of the styles of alteration. It is suggested that for 
the Gunung Limbung deposit the temperatures at the time of 
alteration were initially, probably not as high as for the cited
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examples as the more severe styles of alteration such as potassic 
eration did not occur in the Gunung Limbung area (Section 6.4).
Because one of the aims of this study was to propose a model 
for the origin of the Gunung Lirribung mineralization, the failure to 
fully understand the nature and distribution of the alteration 
limits the model and aspects of the hydrothermal solutions such as 
temperature must be inferred by analogy with other deposits. 
However, notwithstanding these limitations, this study will serve to 
direct attention to the likelihood that most Indonesian hydrothermal 
deposits are associated with an alteration halo and this will focus 
attention on the need for careful sampling of both the ores and host 
rocks in future studies.
6.4 Hydrothermal Solutions
The study of hydrothermal systems has advanced markedly in the 
last two decades and it new possible, given suitable samples and 
access to techniques such as fluid inclusion, isotope and other 
studies, to postulate as to the temperature of and salinity of the 
hydrothermal solutions. Much valuable information has been gleaned 
iron studies of present-day geothermal systems. For example the 
temperature of the waters emanating from a geothermal system depend 
on the depth. Test wells at the Wairakei geothermal field has shewn 
that the temperature at the effluence is about 120°C whereas at a 
depth of 2300 m the temperature is approximately 250°C (Hutchinson, 
1983). It has been shown that there is generally a strong 
correlation between the temperature of hydrothermal fluids and the 
types and degree of alteration.
Fluid inclusion studies and isotope studies were not available
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and therefore any information as to the nature of the hydrothermal 
studies must be obtained from the types and styles of alteration, 
the ore mineral assemblages and comparison with other deposits of 
similar type.
The source of metal ions in hydrothermal deposits has been much 
debated. Boyle (1968) suggested four sources of the metals:
i. a deep source such as the mantle;
ii. frcm a crystallizing magmatic body;
iii. frcm the country rock; and,
iv. frcm a weathered surface.
Boyle concluded that it is not the metals but the gangue 
elements and the volatile components were derived from the country 
rocks that enclose the deposits. He suggested that the elements 
were mobilized during metamorphism associated with the fluids and/or 
magmatic intrusion or were collected by deep seated brines. 
Although there is no evidence to suggest the source of the metal 
ions for the Gunung Limbung deposits, the average metal ion 
concentrations of andesites and diorites appear to be high enough to 
supply the elements if sufficient leaching takes place.
Henley and McNabb (1978) suggested that in porphyry copper 
deposits, two independently evolved fluids are involved in the 
formation of the ore minerals and the alteration. The outer
phyllic, argillic and propylitic alteration occurred at 350 C and 
involved ground waters. The potassic core formed at higher
temperatures and magmatically~derived fluids were involved. A 
bimodal fluid supply for the Gunung Limbung deposit would account 
for the apparent overlap of alteration. For example, low 
temperature fluids followed by a second phase of higher temperature
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fluid migration would allow the formation of the propylitic minerals 
followed by the formation of the argillic minerals. Such a scheme 
has been invoked by Simmons and Browne (1988) for the Mt Muro 
Deposit. Primary fluids ascended under boiling conditions and 
deposited the precious metals in favourable locii. 
Quartz-illite-pyrite alteration occurred at depth and advanced 
argillic alteration formed near the surface. After the collapse of 
the geothermal system, acid—sulphate fluids descended along the 
mineralized fractures and a kaolinite imprint formed over the 
phyllic alteration. Whilst the exact styles of alteration at Mt 
Muro have not been recognised in the Gunung Limbung deposits, this 
hypothesis clearly illustrates that the type of alteration is 
determined by the type of hydrothermal fluids and two types of 
alteration is easily obtained if the rocks are invaded by two types 
of fluids.
Multiphase fluid invasion can occur. For example, Baker and 
Andrew (1988) proposed a multiphase fluid invasion process to 
explain the quite complicated alteration patterns for the Kids ton 
Deposit in Queensland. Whilst a complicated model such as this is 
not required to explain the alteration at Gunung Limbung, it is 
suggested that the two types of alteration are related to two 
phases of hydrothermal invasion.
Henley (1985) proposed a generalized structure of a typical 
geothermal system in a silicic-volcanic terrane. A similar model is 
likely for the Gunung Limbung hydrothermal cell. The aspect of the 
Henley model particularly relevant to the Gunung Limbung model is 
the temperature of the hydrothermal fluids, approximately 200 to 
250°C near the surface and approximately 300°C at a depth of 2 kms.
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Temperatures of approximately 300°C for the hydrothermal fluids 
forming the mineralization at Ginung Limbung, are likely if it is 
assumed that:
i. mineralization at Gunung Limbung occurred soon after 
emplacement of the porphyritic diorite;
ii. that the depth of emplacement was within 2 to 3 kms of the 
surface; and,
iii. the Henley model approximated the situation in the Gunung 
Limbung area during mineralization,
This model would also account for the propylitic and argillic 
alteration in the host rocks as temperatures of this magnitude for 
the mineralizing fluids causing the wall rock alteration in porphyry 
copper deposits in monzonitic and dioritic rocks in Arizona, have 
been reported (Preece and Beane, 1982).
6.5. Sulphide Mineralization
The position of the Gunung Limbung area within the activated 
part of the Sunda Orogen (Katili, 1974), is of particular genetic 
importance relative to the formation of the mineral deposits. During 
the Tertiary, the Sunda region was subjected to intensive magmatic 
activity and an effusive-intrusive volcanic complex of rocks was 
formed. It is believed that one result of this multiphase activity 
was the production of not only a thick volcanic seguence but also a 
penecontemporaneous or post-magmatic mineralizing process which 
resulted in the formation of zinc, lead , copper, gold and silver 
ores. The mineralizing solutions were of a pulsating character as 
may have been the tectonic and magmatic activity. Consequently there 
was a change in the chemical characteristics of the parent magma 
with tirte. However with the combination of both the pulsating
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activity and ths changes within ths magma, a number of deposits were 
formed within the region but these were distributed along a general 
north-south axis and characterized by different ore mineral 
assemblages, a process called epigenetic zoning by Evans (1987). In 
the south, the Cikotok. area has a gold and silver mineralization 
associated with copper, galena and sphalerite. Further to the north, 
the study area of Gunung Limbung is characterized by a 
sphalerite-galena-chalcopyrite assemblage. To the north of the study 
area, the ore mineral assemblages are dominated by galena with only 
accessory quantities of other sulphides.
Petrographic study of the ore minerals and analyses of ore 
samples has revealed that the sulphide mineralization in Gunung 
Limbung area is generally typical of other simple vein ores. This 
mineralization occurs within an altered volcanic sequence, the 
mineralogy is relatively simple and quartz veining is ccmmon.
Throughout the area, a number of distinct structural features 
were favourable for the localization of ores with the dominant 
structural loci for mineralization being fault and shear zones. 
Generally the sulphide ore deposits are tabular in shape occurring 
as regular north-south trending (paralleling the structural trends), 
steeply dipping veins which are dominated by quartz gangue and are 
as wide as 2 m. Adjacent to the Zn-Pb-Cu rich veins, disseminated 
mineralization normally occurs in very minor amounts. In addition to 
the vein and disseminated ore bodies a significant number of 
fracture and fissure filling as well as rare breccia ore bodies have 
been localized by secondary structural zones.
Like other vein deposits which commonly form as a result of 
secondary structural controls, the Gunung Limbung vein deposits have
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open-space filling within deformed intrusive rocks. Several workers 
including Park and McDiarmid (1970) stated that open space filling 
is common in shallow zones (which is compatible with the proposed 
hydrothermal cell for the Gunung Limbiing deposits) where the 
ore-bearing fluids move more freely and where their connection with 
the surface permits a rapid decrease in temperature and pressure 
which results in deposition of the ore minerals. The common 
criteria of the open-space filling described by Park and MoDiarmid, 
namely substantial fractures and fissures fillings, were clearly 
identified in Gunung Limbung deposits. As fracture and fissure 
fillings, veins frequently show clear accretionary features such as 
crustification (Plate II-2 and Plate II-3), the development of 
well-formsd crystals, a coarse to fine-banded structure (with a 
parallel or rhythmic arrangement of almost moncmineralic 
composition, such as pyrite bands alternating with sphalerite bands) 
and multiple zonation. Jensen and Bateman (1981) noted that, the 
generation of these structures can be explained mainly on the 
grounds of substitution mechanisms including such phenomena as 
differing mobility of components and interdependence of diffusion 
forces and solution concentrations.
Breccia ore is a feature of the Kelian gold deposit in East 
Kalimantan. Hawke et al (1988) stated that the brecciation occurred 
in response to "repeated hydrofracturing of existing fracturing" as 
a result of the build up of hydrothermal pressures, caused by the 
refracturing of veins at the intrusive contacts and within the 
intrusives bodies and the pyroclastics. Fluid inclusion data 
indicated temperatures of 280) to 300°C. The breccia ore in the
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Gunung Limbung ore bodies m y  have been formed by a similar process 
and at similar temperatures.
Deformation of the early formed deposits in Gunung Limbung is 
believed to have occurred in response the local and/or regional 
tectonic movement after the main veins had been formed. The main 
textures related to deformation of the Gunung Limbung mineralization 
are:
i. cataclastic and fracturing of pyrite and galena, 
ii. mobilization of galena and /or chalcopyrite into 
pressure shadow zones and fractures in pyrite and 
gangue.
These textures, although prolific in sore samples, are not 





This thesis was undertaken to determine aspects of the 
mineralogical, petrological and geochemical characteristics of the 
ore and host rocks of the Gunung Limbung sulphide deposits and to 
elucidate the origin of the sulphide mineralization. It must be 
viewed also as part of a wider, on-going investigation of vein 
sulphide mineralization in other areas with similar mineralization. 
The bulk of the data for this study was obtained when exploration 
for this type of deposit in Indonesia was in its infancy and as 
such, many of the details of exploration programmes used elsewhere 
in the world were still to be trialled.
Limited previous studies had indicated that the Late-Miocene 
volcanic intrusive host rocks of the Gunung Limbung sulphide 
mineralization were probably derived frcm andesitic magmas of 
calc-alkaline composition. These rocks are characteristic of island 
arcs and which generally have lew Ti02 and high A l ^ .  However, the 
Gunung Limbung intrusive rocks have lower Ti02 (average 0.39) than
the average island arc andesite.
The samples for this study were obtained from Indonesia seme 
time after the holes had been drilled. Seme of the core in the 
trays had deteriorated and seme had previously been taken for 
petrography, mineragraphy and metallurgical tests. Consequently, 
the suite of samples that was obtained was not as diverse or of the
quality that would have been ideal.
The petrographic data bank obtained in this study will serve as 
a useful addition to that which is already available and the
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geochemical data has advanced the level of knowledge of the Gunung 
Limbung deposit. However, whilst advancing knowledge of the 
deposit, this study has indicated areas where further study is 
required. The main area is related to the alteration associated 
with the ore bodies. There is a real need for a much larger, and 
more closely-spaced sampling programme within the host rocks with at 
least one good suite of samples taken at increasing distance frcm 
the ore-bearing veins. This suite of samples should be used to 
determine the distribution of the types of alteration which have 
been identified in this study. The samples should be analysed for 
major elements, trace elements and rare earth elements.
It would be extremsly useful if samples of fresh, unaltered, 
nonweathered host rocks could be obtained in order to give a 
comprehensive geochemical characterization of these rocks. Given 
the state of the core when the sampling for this study was carried 
out, such a detailed sampling programme as outlined above may have 
to wait until additional holes are drilled.
Additional samples of the mineralization should be obtained and 
detailed fluid Inclusion and stable isotope studies should be 
carried out on these samples. These additional data would be useful 
in determining the composition and temperature of the hydrothermal 
fluids and this may determine whether two or more types of 
hydrothermal fluids were involved in the mineralization and 
alteration of the host rocks as suggested.
This study was not able to determine the distribution of the 
gold and silver and other metals such as cobalt, cadmium and 
molybdenum. It would be useful to undertake a detailed microprcbe 
study of the major sulphides especially galena, pyrite and
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chalcopyrite, to determine the elements present within the ore 
minerals. This could lead to a better understanding of the 
distribution of metals such as cobalt and cadmium.
One other problem that should be addressed is the terminology 
used in relation to igneous rocks. The term andesite is sometimes 
used for the intrusive equivalent, diorite. Whether this is 
colloquial use or usuage introduced because of poorly-understood 
geology is not clear at this stage. Irrespective of the reason for 
the usuage, there is a need for careful study, especially field 
relationships, of the igneous rocks. The factors controlling the 
formation of the mineralized zones would probably be different if 
the rocks were of volcanic origin rather than intrusive.
7.2 Conclusions
The general aim of this study was to investigate the 
distribution and origin of the sulphide ores of the Gunung Limbung 
area. With regard to this, the study has increased the 
understanding of these ore bodies whilst at the same time, focussing 
on the need for further investigations as outlined above.
1. The Gunung Limbung ore bodies are vein deposits of hydrothermal 
origin and were emplaced at relatively shallow depth. The dominant 
sulphide mineralization occurs as open-space fillings (in which the 
veins frequently show clear accretionary features such as 
crustification and the development well-formed crystals) or as 
massive ore. Minor ore types are brecciated ore and disseminated 
ore. The latter commonly occurs adjacent to the rich vein ore zones.
The mineral assemblages of the sulphide ores are simple 
comprising dominantly pyrite, sphalerite, galena and chalcopyrite
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with minor gold and silver. The chalcopyrite occurs as both 
exsolution blebs and as primary grains.
2. The host rock surrounding the mineralized zones have been 
altered to varying degrees. The altered rocks have been subjected to 
arcfillic alteration, with the subsequent formation of kaolinite and 
quartz, and propylitic alteration comprising silicification, 
chloritization and sericitization. These major types of alteration 
can be clearly seen in thin sections but minor alteration 
components, such as pyrophyllite and alunite, can only be recognised 
in X-ray diffraction studies.
Geochemical studies show that as consequence of alteration the 
host rocks, believed to have been originally diorites, have a higher 
:Na20 than the volcanic rocks in areas void of mineralization 
and unaltered island arc andesites. The rocks which have undergone 
the most intense alteration occur toward the mineralized zones and 
tend to be rich in Rb and Ba and depleted in Sr.
3. The paragenetic sequence of sulphide mineralization appears to be 
the same in all ore bodies in the Gunung Liiribung area. The 
hydrothermal model for the Gunung Limbung ore bodies envisages a 
hydrothermal cell with temperatures of approximately 300RoF or less 
and a five-stage sequence of mineralization comprising:
i. an early-stage precipitation of fine- to coarse-grained 
pyrite, with quartz gangue, in narrow, discontinuous veins;
ii. precipitation of the dominant sulphides minerals, 
sphalerite, galena and chalcopyrite in open fractures which had
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developed by this time; the fractures gradually widened allowing 
open-space textures typical of many vein deposits.
ü i  • remobilization and replacement of the earlier sulphides, 
especially pyrite, by chalcopyrite and galena;
iv. recrystallization of the harder minerals such as pyrite and 
sphalerite; this resulted primarily in a rearrangment of the 
textures; and,
v. oxidation and supergene enrichment with the formation of 
bomite, chalcocite and covellite.
The uniformity of the style of mineralization within the 
several ore bodies indicates penecontemporaneous stages of 
mineralization throughout the area.
Frcm the depositional environment of the ores, the structural 
and textural relationships of the minerals, it is clear that 
tectonism was an important aspect of the mineralization processes. 
Structural sites such as faults, shear zones and large pores were 
favorable sites for mineralization.
4. The various features and characteristics of the mineralization 
and host rock outlined in this present investigation can be used as 
guides to future exploration in Gunung Limbung ore deposits and 
other areas of similar geology in Indonesia.
Likely sites for exploration for Gunung Limbung styles of 
mineralization will be found in shallow intrusive calc-alkaline 
rocks , such as diorites derived frcm calc-alkaline andesitic 
magmas, which were emplaced in structural zones and which 
experienced subsequent deformation such as faulting and shearing. 
The ore bodies are likely to have alteration haloes, of argillic and
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propylitic affinity, which have 
ratios than the unaltered host 
will also be abnormally high.
higher K20:Na20 and higher Rb/Sr 
and country rocks. Barium values
166
REFERENCES
ANEKA TAMBANG COMPANY, 1984. Laporan Proj ek Pengembangan Gunung 
loiiibung 1978 to 1984, pp 8 (Unpublished).
ARDHA, N., CHANAN, M. and KOMARDI, O.S., 1985. Flotasi Bijih Sulfida 
Pb-Cu-Zn Gunung Liitibung. Laporan Teknik Penqolahan, 21, 1-13.
ATKINSON, B.K., 1975. Experimental deformation of polycrystalline
pyrite; effects of temperature, confining pressure, strain rate, and 
porosity. Economic Geology, 70, 473-487.
BAKER, E.M. and ANDREW, .S., 1988. Processes associated with gold 
mineralization within the Kids ton breccia Pipe, North Queensland. 
Bicentennial Gold 88. Ext. Abs. Prog. Geological Society of 
Australia, Abstracts 28, 102-108.
BARTON JR, P.B., 1978. Seme ore textures involving sphalerite frcm 
the Furutobe mine , Akita Prefecture, Japan. Mining Geology, 28, 
293-300.
BARTON, P.B., BETHKE, P.M. and TOULMIN, P., 1963. Equilibrium in ore 
deposits. Special Papers of the Mineralogical Society of America, JL, 
171-185.
BARTON, P.B. and TOULMIN, P., 1966. Phase relations involving
sphalerite in the Fe-Zn-S system. Geochemica et Cosmochimica Acta, 
28, 619-640. '
BEN-AVRAHAM and EMERY, K.O., 1973. Structural fraiæwork of Sunda 
Shelf. Bulletin of the Arrerica Association of Petroleum Geologists, 
57, 2323-2363.
BENG, Y.E., 1988. Gold mineralization in the central belt of
Malaysia. Bicentennial Gold 88. Ext. Abs Prog. Geological Society 
of Australia, Abstracts 28, 238-242.
BOWEN, R. and GUNATILAKA, A., 1977. Copper: Its Geology and
Economics. Applied Science Publishers Ltd., London.
BOWIN, C., PURDY, G.M., JOHNSON!, C., SHOR, G., LAWVER, L., HARTONO, 
H.M.S. and JESEK, P., 1980. Arc - Continent collision in the Banda 
Sea region. Bnl letin of the America Association of Petroleum 
Geologists, 64, 868-915.
BOYLE, R.w., 1968. The source of metals and gangue elements in
epigenetic deposits. Mineralum Deposita, 3, 174-177.
BOYLE, R.W., 1984. Gold deposits; their geology, geochemistry and 
origin. In: FOSTER, R.P., Proceedings of the Symposium Gold 82, The 
University of Zimbabwe, May 1982, 183-189.
BROOKS,R., CHATTERJEE, A.K., SMITH, P.K., RYAN, E.D. and ZANG, H.F., 
1982. The distribution of gold in rocks and minerals of the Meguma 
Group of Nova Scotia, Canada. Chemical Geology, 35^ 369-370.
167
BROWNE, P.R.L. and LOVERING, J.F., 1973. Composition of sphalerites 
from the Broadlands geothermal field and their significance to 
sphalerite geothermcmetry and geobarcmetry. Economic Geology, 68, 
381-387.
BURNHAM, C.W., 1962. Facies and types of hydrothermal alteration. 
Economic Geology, 57, 768-784.
CANN, J.R., 1970. Rb, Sr, Y, Zr, and Nb in seme ocean floor basaltic 
rocks. Earth and Planetary Science Letters, 10, 7-11.
CHAYES, F., 1964 Variance-covariance relations in Harker diagrams of 
volcanic suites. J. Petrol., 5', 219-237.
COLEMAN, P.J., 1975. On island arcs. Earth-Science Reviews, 11,
47-80.
COX, S.F., ETHERIDGE, M.A. and HOBBS, B.E., 1981. The experimental 
ductile deformation of polycrystaline and single crystal pyrite. 
Economic Geology, 76, 2105-2117.
CRAIG, J.R., 1983. Metamorphic features in Appalachian Massive
sulphides. Mineralogical Magazine, 47, 515-525.
CRAIG, J.R., and VAUGHAN, D.J., 1981. Ore Microscopy and Ore
Petrography. John Wiley and Sons, New York, 406 pp.
CUMMINGS, D. and SCHILLER, G.I., 1971. Isopach map of the Earth's 
crust. Earth-Science Reviews, 7, 97-125.
DAVIS, J.C., 1973. Statistics and Data Analysis In Geology. John 
Wiley and Sons, New York, 543pp.
DEER, W.A., HOWIE, R.A. and ZUSSMAN, J., 1970. An Introduction to
the Rock-Forming Minerals. Longman, London, 528 pp.
DICKINSON, W.R., 1970. Relations of andesite, granites and
derivative sandstones to arc-trench tectonics. Reviews, of Geophysics 
and Space Physics, 8, 813-860.
DJUMHANI, A., 1976. A preliminary approach to metallogenesis of
Indonesia. In: Papers presented at the Third Session E.S.C.A.P., 
Mineral Resources Development, Bangkok 1976. G^olo^P-cal Survey of 
Indonesia, Bandung, Indonesia, 1-10.
EDWARDS, A.B., 1954. Textures of the Ore Minerals and their
Significance. 2nd Edition. Australasian Institute of Mining arid 
Metallurgy, Melbourne, 242pp.
EFFENDI, A.C., 1974. Geology Map of the Bogor Quadrangle, Java.
Quadrangle 9/XIII-D, Scale 1:100.0000. Geological Survey of 
Indonesia. Directorate General of Mines, Ministry of Mines.
EVANS, A.M., 1987. An Introduction to Ore Geology. Blackwell
Scientific Publications, 358pp.
168
EWART, A., 1976o.. Mineralogy and. chemistry of modem orogenic 
lavas sane statistics and implications. Earth and Planetary "Science 
Letters, 31, 417-432. L -------
EWART, A., 1976b. A petrological study of the younger Tongan 
andesites and dacites, the olivine tholeiites of Nina Fo on Island, 
South West Pacific. Contributions to Mineral Petrology, 58, 1—21.
FITCH, T.J., 1972. Plate convergence, transcurrent faults, and 
internal deformation adjacent to Southeast Asia and the Western 
Pacific. Journal of Geophysical Research, 77, 4432-4460.
FITCH, T.J. and MOLNAR, P., 1970. Focal mechanisms along inclined 
earthquake zones in the Indonesia - Philippine region. Journal of 
Geophysics Research, 50, 970-1024.
FLEISHER, M., 1955. Minor elements in sane sulphide minerals. 
Economic Geology, 21, 291-306.
FOSTER, M.D., 1962. Interpretation of the composition and a 
classification of the chlorites. United States Geologcal Survey, 
Professional Papers, 414-A, p.33.
FUJII, T., 1970. Unmixing in the system sphalerite and chalcopyrite; 
In: TATSUMI, T. (Editor), Volcanism and Ore genesis. University of 
Tokyo Press, Tokyo, 335-336.
GHAZALI, S.A., 1972. Geology daerah Gunung Gede, Jasinga, Bogor,
Jawa Bar at. Ir. Thesis, FIPPA-UNPAD, Bandung (Unpublished).
GILL, J.B., 1981. Orogenic Andesites and Plate Tectonics. Springer 
Verlag, Berlin, Heidelberg, New York, 390pp.
GO VET, G.J.S. and WHITEHEAD, R.E.S., 1974. Origin of metal zoning in 
stratiform sulphides: a hypothesis. Economic Geology, 69, 551- 556.
GRAF JR., J.L. and SKINNER, B. J., 1970. Strength and deformation of 
pyrite and pyrrhotite. Economic Geology, 65, 206-215.
GRAF JR., J.L., SKINNER, B.J., BRAS, J., FAGOT, M., LEVADE, C. and 
CQNDERG, J.J., 1981. Transmission electron microscopic observation 
of plastic deformation in experimentally deformed pyrite. 
Economic Geology, 76, 738-742.
HAMILTON, W., 1974. Bathymetric map of the Indonesion Region. United 
States Geological Survey, Map I-875-C, 1:1.500.000.
HAMILTON, W., 1979. Tectonics of the Indonesian Region. Geological 
Survey Professional Papers, 1078, p.345.
HART, S.R., 1969. K, Rb, Cs contents and K/Rb, K/Cs ratios of fresh 
and altered submarine basalts. Earth and Planetary Science Letters, 
6, 295-303. .
169
HART, S.R., ERLANK, A.J. and. KABLE, E.J.D., 1974. Sea floor basalt 
alteration: seme chemical and Sr isotopic effects. Geochemical et 
Cosmochemica Acta, 34, 145-155.
HAWKE, A., HAWKE, M., VAN LEEUWEN, T. and HARTLEY, M. 1988. The 
Kfilian gold deposit, East Kalimantan, Indonesia. From discovery to 
feasibility. Bicentennial Gold 88. Ext. Abst. Prog., Geological 
Society of Austaralia, Abstracts 28, 15-153.
HEALD, P., FOLEY, N.K. and HAYBA, D.O. 1987. Comparative anatomy of 
volcanic-hosted epithermal deposits: acid-sulfate and adualria- 
sericite types. Econcmic Geology, 82, 1-23.
HENLEY, R.W., 1985. The geothermal fraamework for epithermal 
deposits; in BERGER, B.R. and BETHKE, P.M., Geology and Geochemistry 
if Epithermal Systems. Society Econcmic Geologists, 1-24.
HENLEY, R.W. and MCNABB, A., 1978. Magmatic vapour plumas and 
ground-water interaction in porphyry copper deposits. Econcmic 
Geology, 73, 1-19.
HESP, W.R., 1973. Classification of igneous rocks by cluster 
analysis. Acta Geologica Academica Scientarium Hungaricae, Budapest, 
17, 339-362.
HUTCHISON, C.S., 1974. Laboratory Handbook of Petrographic
Techniques. John Wiley and Sons, New York, 527pp.
HUTCHISON, M.N. and SCOTT, S.D., 1981. Sphalerite geebaremetry in 
the Cu-Fe-Zn-S system. Economic Geology, 76, 143-153.
HUTCHINSON, R.W., 1983. Hydrothermal concepts: The old and the new. 
Econcmic Geology, 78, 1734-1741.
JAKES, P. and WHITE, A.J.R., 1972. Major and trace element
abundances in volcanic rocks of orogenic areas. Bulletin of the 
Geological Society of America, 83, 29-40.
JENSEN, M. and BATEMAN, A. 1981. Econcmic Mineral Deposits. John 
Wiley and Sons, New York.
JUSUF LALENO, 1984. Geologi dan struktur di daerah mineralisasi 
Gunung T.imbung, Kecamatan Jasinga Kabupaten Bogor, Jawa Barat. Ir. 
Thesis I.T.B. Bandung (unpublished).
KATILI, J.A., 1973. On fitting certain geological and geophysical 
features of the Indonesian island arc to the new global tectonis. 
In: KATILI, J.A., 1980 (Editor), Geotectonics of Indonesia. A Modem 
View, 161-179.
KATILI, J.A., 1974. Geological environment of the Indonesian mineral 
deposits. A plate tectonic approach. Direktorat Geologi Publikasi 
Teknik - Seri Geologi Ekoncmi, p 1107.
170
KATILI, J.A., 1975. Volcamsm. and. plate tectonics in the Indonesian 
island arcs. Tectonophvsics. 26, 165-188. -
KERR, P.F., 1977. Optical Mineralogy. McGraw-Hill Book Company, New 
Ybrk, 492pp.
KAVALIERIS, I., 1988. The characteristics of epithermal mineral
occurrences in the Bengkulu Province, Sumatra. Bicentennial Gold 88. 
Ext. Abst. Poster Prog. Vol 1, Geological Society of Australia, 
Abstracts 28, 316.
KERR, P.F. 1977. Optical Mineralogy. McGraw Hill Book Company, New 
York, 492 pp.
KOMARUDDIN, A.S., 1984. Research and development of the processing 
on the Indonesia complex sulphide ore. The Joint Research Report, 
1-6, (unpublished).
KOESUMADINATA, R.P., 1963. Contributions. Department of Geology
I.T.B., 53pp.
KRAUSKOPF, K.B., 1967. Introduction to Geochemistry. McGraw-Hill
Book Company, New York, 721 pp.
LARGE, R.R., 1977. Chemical evolution and zonation of massive
sulphide deposits in volcanic terrain. Economic Geology, 72, 
549-572.
FLETCHER, W.K. (Editors), 1974, Geochemical Exploration. Elsevier,
Amsterdam, pp. 53-370.
LEITCH, C.H.B., 1981. X-ray fluorescence analysis of massive pyritic 
samples for trace elements. F.M.M., 90, B77-B81.
LE MAITRE, R.W., 1976. The chemical variability of sane cannon
igneous rocks. Journal of Petrology, 17, 589-637.
LE PICHON, X., 1968. Sea-floor spreading and continental drift. 
Journal of Geophysical Research, 73, 3661-3705.
LOWELL, J.D. and GUILBERT, J.M., 1970. Lateral and vertical
alteration-mineralization zoning in porphyry ore deposits. Economic 
Geology, 65, 373-407.
LYALL, K.D. and PETERSON, M.S., 1966. Plastic deformation in galena 
(lead sulphide). Acta Mineralógica. 14, 371-383.
MCCLAY, K.R. and ELLIS, P.G., 1983. Deformation and
recrystallization of pyrite. Mineralogical Magazine, 47, 527-538.
McELHINNY, M.W. , HAILE, H.S., and CRAWFORD, A.R., 1974.
Palecmagnetic evidence shews. Malay Peninsula was not pari, of 
Gandwanaland. Nature, 252, 641-645.
171
MEYER, C. and HEMLEY, J.J., 1967. Wall rock alterations. In: BARNES, 
H.L. (Editor), Geochemistry of Hydrothermal Ore Deposits, Holt, 
Rinehart and Winston, New York, 116-235.
MITCHELL, A.H. and READING, G., 1971. Evolution of island arcs. 
Journal of Geology, 79, 253-284.
MOOKHERJEE, A., 1971. Deformation of pyrite (discussions). Economic 
Geology, 71, 200-201.
MOOKHERJEE, A., 1976. Ores and metamorphism: temporal and genetic 
relationships. Irn WOLF, K.H. (Editor), Handbook of strata-bound and 
Stratiform Ore Deposits, Elsevier, Amsterdam, 203-260.
MORGAN, W.R., 1966. A note on the petrology of sene lava types iron 
east New Guinea. J. Geol. Soc. Aust., 13, 583-591.
NOEGROHO, S., 1980. Eksplorasi daerah Gunung Limbung dan sekitamya, 
26pp (unpublished).
NOCKOLDS, S.R. and ALLEN, R.S., 1953. The geochemistry of sore
igneous series, 1: calc-alkaline igneous trends. Geochemica et 
Cosmochemica Acta, 4, 105-156.
NORRISH, K. and CHAPPEL, B>W>, 1967. X-ray fluorescence
spectroscopy; in ZUSSMAN, J. (Ed.) Physical Methods in Determinative 
Mineralogy. Academic Press, London, 161-214.
ONG, H.L., 1975. Eksplorasi geology dan geokimia di daerah Paniis 
Selatan, Block II dan III, Jasinga Bogor. P.T. Geoservice Report, 
No. 4/121, p 54 (unpublished).
PARK JR, C.F. and MACDIARMED, R.A., 1970. Ore Deposits. Freeman and 
Company, San Fransisco, 522 pp.
PEARCE, J.A. and CANN, J.B. 1973. Tectonic setting of basic volcanic 
rocks determined using trace element analyses. Earth Paint. Sci. 
Letters, 19, 290-300
PHILPOTTS, J.A., SCHNETZLER, C.C. and HART, S.R., 1969. Submarine 
basalts: seme K, Rb, Sr, Ba, rare-earth, H20 and C02 data bearing 
on their alteration, modification by plagioclase and possible 
source materials. Earth and Planetary Science Letters, l_j_ 293-299.
PICOT, P. and JOHAN, Z., 1982. Atlas of Ore Minerals. B.R.G.M.
Elsevier, Amsterdam, 458 pp.
PLIMER, I.R and ELLIOT, S.M., 1979. The use of Rb/Sr ratios as a 
guide to mineralization. Journal of Geochemical Exploration, 12,
21-34.
PREECE, R.K. and BEANE, R.E., 1982. Contrasting evolutions of
hydrothermal alteration in quartz monzonite and quartz diorite wall 
rocks at the Sirrita porphyry copper deposit, Arizona. Economic 
Geology, 77, 1621-1641.
172
PROJECT SURVEY MINERAL LOGAM (PSML) , 1978. Program Teknik. Pekerj^n 
endapan bijHi song, timbal and tembaga, di dap>rgh Gunung 
G^e* Jasinga—Bogor, Jawa Barat. Pelita II: D.I.P. Tahun anggaran 
1977-1978, 1-46 (unpublished).
RAMDOHR, P., 1969. The Ore Minerals and Their Intergrowths. (English 
Translation), Pergamon Press, Berlin, 1174 pp.
REKSALEGORA, W., 1972. Project pemetaan dan penyelidikan mineral di 
daerah - P.P.M. Jawa. Laporan eksplorasi pendahuluan tahap IIA Block 
Cirempag, Gunung Gede - Jasinga, Bogor, Jawa Barat, 10pp.
REKSALEGORA, W. and DJUMHANI, A., 1973. Metallic mineral deposits of 
Indonesia. In: FISHER, N.H. (Editor), Metallogenic provinces and 
mineral deposits in the southwestern Pacific. Bulletin of the Bureau 
of Mineral Resources, 141, 59-67.
RIBBE, P.H. (Editor), 1974. Sulfide Mineralogy Short Course Notes, 
Volume 1. Mineralogical Society of America, U.S.A.
RUTTEN, L., 1925. On the direction of the Tertiary mountain building 
movements in the island of Java. Koninligke Akademie van 
Wetenshappen to Amsterdam, Reprint frcm Proceedings vol. XXVIII, 
(2), pl3.
SAIMON, B.C., CLARK, B.R. and KELLY, W.C., 1974. Sulfide deformation 
studies II. Experimental deformation of galena to 2,000 bars and 
400o C. Economic Geology, 69, 1-16.
SARKAR, S.C., BHATTACHARYA, P.K. and MUKHERJEE, A.D., 1980.
Evolution of the sulfide ores of Sahdipura , Rajasthan, India. 
Economic Geology, 75, 1152-1167.
SAWKINS, F.J., 1964. Lead-zinc ore depositions in the light of 
fluid inclusions studies, Providencia Mine, Zacatecas, Mexico. 
Economic Geology, 59, 883-919.
SCHWARTZ, G.M., 1944. The host minerals of native gold. Economic 
Geology, 39,
SCOTT, S.D., 1973. Experimental calculation of the sphalerite 
geobarcmeter. Economic Geology, 68, 466-474.
SCOTT, S.D., 1976. Application of sphalerite geobarcmetry to 
regionally metamorphosed terrains. American Mineralogist, 61,
661-670.
S3MM0NS, S.F., and BROWNE, P.R.L., 1988. Mineralogic, alteration and 
fluid studies of the Mt Muro gold deposit, Central Kalimantan,
Indonesia. Bicentennial Gold, 1988, Extended Abstracts and_Poster
Programme, Vol. 2. Geological Society of Australia, Abstracts 28. 
472-474.
SCOTT, S.D. and BARNES, H.L., 1971. Sphalerite geothermcmetry and 
geobarcmetry. Economic Geology, 66, 653-669.
173
SPARY, K.J. ,1975. Hov to Prepare Relief-free Polished Surface 
Geological of Refractory Specimens.
United Kingdom, 15pp.
_ ___ ________  of
English Ltd, Maidstone, Kent,
SUWIYANTO, 1978. Hubungan antara kegempaan dengan kelurusan struktur 
pada citra LANDSAT di daerah Jawa Barat. Majalah Riset. LGPN-LIPI Jilid 1, No. 2. ------ ----------
STANTON, R.L., 1972. Ore Petrology. McGraw-Hill, New York, 713pp. 
TAYLOR, S.R., 1965. Application of trace element data to problems in 
petrology. Physics and Chemistry of the Earth, 6, 133-213.
TAYLOR, S.R., 1968. Geochemistry of andesites. In: AHRENS, L.H.
(Editor). Origin and Distribution of the Elements. Perganon Press 
Oxford, London, 559-583. '
TAYLOR, S.R., CAPP, A.C GRAHAM, A.L. and BLAKE, D.H., 1969. Trace 
element abundance in andesites II. Saipan, Bougainville and Fiji. 
Contributions to Mineralogy and Petrology, 23, 1-26.
TAYLOR, R.P. and FRYER, B.J., 1982. Rare earth geochemistry as an 
aid to interpreting hydrothermal ore deposits; in EVANS, A.M., 
Metallization Associated with Acid Magatism. John Wiley and Sons, 
357-365.
TAYLOR, S.R., KAYE, M., WHITE, A.J.R., DUNCAN, A.R. and EWART, A. 
1969. Genetic significance of Co, Cr, Ni, Sc and V content of 
andesites. Geochi, Cosnochim Acta, 33, 275-286.
TAYLOR, S.R. and WHITE, A.J.R., 1966. Trace element abundances in 
andesites. Bulletin Volcanologique, 29, 177-194.
TITLEY, S.R., THOMPSON, R.C., HAYNES, F.M., MANSKE, S.L., ROBISON, 
L.C. and WHITE, J.L., 1986. Evolution of fractures and alteration in 
the Sierrita-Esperanza hydrothermal system, Pima County, Arizona. 
Economic Geology, 81, 343-370
VAN BEMMELEN, R.W., 1949. The Geology of Indonesia, Vol. 1A, General 
Geology of Indonesia and Adjacent Archipelagoes. Government Printing 
Office, The Hague, Batavia, 732pp.
VOKES, F.M., 1969. A Review of the metamorphism of sulphide
deposits. Earth-Science Reviews, 5, 99-143.
VOKES, F.M., 1971. Sore aspects of the regional metamorphic 
mobilization of pre-existing sulphide deposits. Mineralium Deposita, 
122-129.
WESTERVELD, 1952. Phase of mountain building and mineral provinces 
in the East Indies. International Geological Congress, Great
Britain, 1948, report 8th Session.
WHITFORD, D.J., 1975a. Geochemistry and Petrology of volcanic rocks 
frcm the Sunda Arc, Indonesia. PhD Thesis. Australian National 
University (unpublished).
174
WHITFORD, D. J., 1975b, Strontium isotopic studies of the volcanic 
rocks of the Sunda Arc, Indonesia, and their petrogenetic 
implications. Geochemica et Cosmochimica Acta, 39, 1287-1302.
WHITFORD, D.J., WHITE, W.M., JEZEK, P.A. and NICHOLLS, I.A., 1979. 
Nd isotopic composition of recent andesites from Indonesia. 
Yearbook of the Carnegie Institution of Washington, 78, 304-308. *
WIGGINS, L.B. and CRAIG, J.R., 1980. Reconnaissance of the 
Cu-Fe-Zn-S system: sphalerite phase relationship. Economic geology, 
75, 742-775. ---
WILLIAMS, H., TURNER, F.J. and GILBERT, C.M., 1954. Petrography. 
W.H. Freeman, San Francisco, 406 pp.
WILLIAMS, K.L., 1965. Determination of iron content of sphalerite. 
Economic Geology, 60, 1740-1747.
WILTSHIRE, H.G., 1959. Deuterio alteration of volcanic rocks.
Journal of the Proceedings of the Royal Society of New South Wales, 
93, 105-120.
WINCHESTER, J.A. and FLOYD, P.A., 1977. Geochemical discrimination 
of different magma series and their differentiation products using 
Immobile elements. Chemical Geology, 20, 325-343.





1. Location of submitted rock specimen; Polished blocks and 
Thin sections.
2. Modal analyses (volume percent) of rocks frcm 
Gunung Limbung area.
L o c a t io n  o f  su b m it te d  ro ck  specim en ; P l o l i s h e d  b lo c k s  and  









R11005 MM1 disseminated ore L.400
R11006 MM2 massive ore L.400
R11007 MM3 host rock L.400
R11008 MM 5 . 1 massive ore L.400
R11009 MM 5.2 massive ore L.400
R11010 M M 6 .1 quartz vein ore L.400
R11011 MM6.2 quartz vein ore L.400
R11012 MM 7 quartz vein ore L.400
R11013 MM 8 disseminated ore L.460
R11014 MM 10 quartz vein ore L.460
R11015 MM11 brecciated ore L.460
R11016 MM11 brecciated ore L.460
R11017 MM 12 brecciated ore L.460
R11018 MM12.1 brecciated ore L.460
R11019 MM 14 massive ore L.460
R11020 MM 17 quartz vein ore L.490
R11021 MM 18 brecciated ore L.490
R11022 MM18.1 brecciated ore L.490
R11023 MM 19 brecciated ore L.490
R11024 MM 19 brecciated ore L.490
R11025 MM2 5 massive ore L. 580

















































quartz vein ore 



























































quartz vein ore 
quartz vein ore 
disseminated ore 
quartz vein ore 
quartz vein ore 
disseminated ore 
massive ore 




quartz vein ore 
quartz vein ore 
quartz vein ore 
quartz vein ore 





quartz vein ore 
quartz vein ore 
quartz vein ore 
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5121 MM 6 3 host rock DH-GLB20,-332.0m
5122 MM65 host rock DH-GLB20,-370.0m
5123 MM68 host rock DH-GLB20,-393.15m
5124 MM69 host rock DH-GLB25,-65.80m
5125 MM7 0 host rock DH-GLB25,-179.45m
5126 MM71 host rock DH-GLB25,-199.75m
5127 MM7 6 host rock DH-CPT8 ,-160.90m
5128 MM80 host rock DH-CPT8 ,-264.80m
5129 MM82 host rock DH-CPT10,-113.40m
5130 MM83 host rock DH-CPT10,-139.90m
5131 MM85 host rock DH-CPT4 ,-96.10m
5132 MM86 host rock DH-CLB1 ,-17.75m
5133 MM89 host rock DH-CLB1 ,-95.60m
5134 MM90 host rock DH-CLB1 ,-136.70m
5135 MM91 host rock DH-CLB8A,-41.10m
5136 MM9 3 host rock DH-CLB8A,-137.50m
5137 MM94 host rock DH-CLB8A,-145.19m
5138 MM9 5 host rock DH-CLB12,-23.35m
5139 MM96 host rock DH-CLB12,-97.00m
5140 MM97 host rock DH-CLB12,-125.25m
5141 MM101 host rock DH-CKL1 E/70°,-96.80m
5142 MM104 host rock DH-CSW1 ,-52.50m
5143 MM18 host rock L.490
5144 MM 19 host rock L.490
6039 MM2.1 massive ore L.400
6040 MM 8 disseminated ore L.460
















































Mode (volum e p e rc e n t )
Component Mean (44) Range Grain
Quartz 0.32 1 - 3 Normally
Feldspar 39.73 24.7 - 53 1 - 4  mm
Clinopyroxene 0.63 0.3 - 3.3 rarely to
PHENOCRYST Hornblende 0.18 0.3 - 2 5 mm
Opaque min. 2.34 0.3 - 4.7
Quartz 11.2 3.3 - 21
Feldspar 28.84 10.3 - 4 7 . 3 Range 0.05
GROUNDMASS Epidote 5.02 0.3 - 11.3 to
Chlorite 7.32 1 - 28 0.5 mm
Sericite 3.34 0.7 - 2 9 . 3
Appendix 2.
Modal analyses (volume percent) of rocks from Gunung Lim- 
bung area.
S ample N o. 5101 5102 5103 5104 5105 5106
Pheno crys t : 
Quartz mm mm _ .
Feldspar 44 27 27 34 39 32
C 1 pyroxene 2 2 1 2 - -
Hornblende - - - - - -
Opaque minerals 1 2 5 - 3 4
Oroundmas s : 
Quartz 17 16 12 15 9 7
Feldspar 23 12 41 42 34 32
Epidote 4 10 5 - 8 10
Chlorite 5 28 2 7 7 7
Sericite/Kaolinite 4 2 7 - - 7
Sample Wo. 5107 5108 5109 5110 5111 5112
Phenocrys t : 
Quartz • — 1 1 - -
Feldspar 46 31 37 46 42 30
C ’pyroxene - 1 - — —
Hornblende - — —
Opaque minerals 2 2 3 2 2 2
G r oundmas s : 
Quartz 10 15 17 11 12 10
Feldspar 28 37 30 24 22 41
Epidote 3 9 3 3 3
Chlorite 7 5 10 6 13 9
Sericite/Kaolinite 4 - - 6 5 7
Modal analyses (volume percent) of rocks from Gunung Lim- 
bung area.
A p pendix 2 (cont.).
S amp le No. 5113 5114 5115 5116 5117 5118
Plienocryst : 
Quartz . 1 2
Feldsp ar 45 45 34 36 39 44
C 1pyroxene - - - 1 3 -
Hornblende - 1 - - 2 -
Opaque minerals 1 2 2 1 4 2
Groundmas s : 
Quartz 13 16 8 15 15 11
leidspar 18 25 12 37 32 34
Epidote 2 2 3 6 4 1
Chlorite 16 8 9 4 1 6
Seri cite/Kaolinite 3 - 28 1 1 2
S ample No. 5119 5120 5121 5122 5123 5124
Phenocrys t : 
Quartz ' mm —
ieldsp ar 49 51 49 29 38 45
C* pyroxene 2 - 1 1 - —
Kornblende 1 - - 2 — —
Opaque minerals 2 2 3 2 3 2
Groundmass: 
Quartz 4 9 5 15 13 9
Feldspar 35 19 28 37 31 36
Epidote 4 8 11 4 10 2
Chlorite 4 10 2 10 4 6
Serici te/ICaolini te - 1 1 - 1 —
Modal analyses (volume percent) of rocks from Gunung Lira- 
bung area.
A p p e n d i x  2 (cont.).
S amp le No. 5125 5126 5127 5128 5129 5130
Phenocrys t: 
Quartz 2
Feldspar 38 36 46 45 46 54
C 1 pyroxene 3 - 1 — 1 —
Ilornb lende - - — 1 _ —
Opaque minerals 1 1 4 2 3 6
Groundmas s : 
Quartz 6 16 10 18 13 7
Feldsp ar 35 31 32 18 22 20
Epidote 10 3 1 11 10 2
Chlorite 6 7 5 6 5 10
Sericite/Kaolinite 1 - - - - -
_
Sample No. 5131 5132 5133 5134 5135 5136
Phenocryst:
Quartz 3 - - 1 - -
Feldsp ar 43 36 44 36 36 31
C * pyroxene - 3 1 1 - 1
Hornblende - 1 - - - -
Opaque minerals 2 1 3 4 2 3
Groundmass:
Quartz ' 8 18 9 25 11 4
Feldsp ar 38 21 26 17 28 47
Epidote 4 8 4 5 8 2
Chlori te 2 - 2 - - 1
Sericite/Kaolinite - - - - - -
Appendix 2 (cont.).
Modal analyses (volume percent) of rocks from Gunung Lim 
bung area.
Sample No. 5137 5138 5139 5140 5141 5142
Phenocryst: 
Quartz 2
Feldsp ar 32 33 52 53 46 37
C 1pyroxene - - - - - -
Hornblende - - - - - -
Opaque minerals 1 3 1 1 2 3
G r oundmas s : 
Quartz 6 15 6 3 6 4
feldspar 25 32 25 18 32 28
Epido te 1 5 11 2 3 3








C * pyroxene - 1
Hornblende - -
Opaque minerals 2 4




Chlori te 7 8
Sericite/Kaolinite 8 9
